
Acricultural RESe/UtCH Irstitute 

PUSA 






ANNALS 


OP IHE 

NEW YORK 

ACADEMY OF SCIENCES 

VOLUME XXIV 
1914 


Editor 

EDMUND OTIS HOVEY 



New York 

Published by the Academy 
1914 , 1915 



TTfE XEW VOIJK \('AI)E.MY OK SOIMN'CES 
01' N\T(iuvi, IlisroiJ's, iHK-lSKi) 


OKKICHIth, 1!)11 

l’mulpnl—(hmmi KiiHimiMCK Ki’nz 
yicf-l‘r('si(i(‘nlii —('haiUjKh P. Bcukuy, Paymosd 0. Osio hn, 
CllAltLKH BAHKBUVUjOK. ClAHK WlHhliHI! 
Cormpoiitliiuj Kpcrelan /—TfHNitv E. CinMi'i’ov, Aiuci'ican Miim-uiii 
RmmUmj Hcnrlani —Bi)muni> Otih 1Iovh\, Aiiu'i'ican Mnscutn 
Tmmiver — IIhnuy L. Douhuty, (iO Wall Stna't 
fAhniriaii — Raij’JI \\\ 'rowHit, Aiut'i'ieaii Muaaiiin 
Eililor — Bimi’Nn Otis Hovuy. Aincrioaii Miisciiiu 

SECTION OF GEOLOGY AND MINERALOGY 

CItairman —CiiauIiKs P. JIkrkhy, CSilumbia rni\ei'sil,v 
Secretary —A. 15. Pacini, 1J7 Varick Street 

SECTION OF BIOLOGY 

Chairman —Rayajond 0. Oskuux, 5,'57 West ISItli Street 
Secrelarji —K. Unutiouv, American Muaeuiu 

SECTION OF ASTRONOMY, PHYSICS AND CHEMISTRY 

Chairman —CiiAnma BASKnavn,i,ifl, Oolluffe of tlie ('it.y of N<‘w 'lork 
Seirelarij —EitNiisr E. Swith.SO East Hal Sired 

SECTION OF ANTHROPOLOGY AND PSYCHOLOGY 

Chairman —Clark WissTiRU, Aiuerieau Museum 
Secretary —BouRin' II. TiOWiR, American Museum 



fV)NTKNT^^ OF VOl.UiMF XXIV 

rago 

'ritlo vasjfo. i 

i Mlicors. H 

(Vmtoiits . iii 

I>ai<‘s of Puhlicnli(»n mikI MdiliNms of Kroduiivs. iiS 

List of IlIustriHlons. Iv 

Tlio Uso of (^riuoid Arms in Stn<li(\s of Uy IOia'Iua Wood. 

(Plates I-V). 1 

Notes on Camar(in<tuntfi 15y Mook. 10 

The (ii^iosis of Aiitij;onto and TaU*. V>y AnKXis A. JiM.inx. (IMat(‘ Vl>.. 2**5 

A Study of the (lhan^^es in the l)istnl>nti<»n of T(‘mpoi*atur(‘ in I0nroiw‘ nnd 
North Annudoa Duriiim: the Years 1000 to 100i>. liy Hknuvk Ako- 

TOWSKf . 39 

The <il<m<‘sis of (Vrtain Pal(‘oz(»ie Interbcnhled Iron Ore J>ei)osits. By 

U vYMONi) llAitTM/rT Laio.l. (Plat OS VII~XXI). 115 

(Tmate and Kvolutlon. By \V. IK M\rrMi\v. 171 

I>ev<‘loinnent of (he Nenraxis in the Ihmiestie t^at to (he S(ai:(‘ of Twenty- 
one Soinhes. By H. vo\ AV. Scaini/rK an<l Kukdkuk’k TrnNKv. (IMa(<‘s 

XXI! XLI) .310 

Ummls of Metdinjirs, 1011. By Kdmitnd Otis Hom<:y.347 

The <)rt?anh/atioii of (he A<'ad<n>iy...407 

The Oriitinal (Miart#‘r.407 

Order of Oourt.400 

Aimmded <1iart(*r.410 

Oonstltulioii.413 

By-laws.414 

Metnhershlp Lls(s, 31 DeeenilKU*, 1011...421 

Into . 433 

BATMS OK IdlBIdPATION AND KDITIONS OF THK BUtK^IIUHLS 

hUiUUm, 

Pp. 1 17, 1 May, lOM. 1100 copies, 

Pp. 10 22, 21 May. 1011. 1150 eoi>les, 

I»|>. 2:s 3S, 25 duly. 1014. 1500 copies. 

:i0- 113, 27 Jum*. 1014. 12<M> copies. 

115 170, 4 Au^Jjnst, 1011. 1250 (*oples. 

Bl>. 171 31S, IS Fchrnary, 1015. 1250 copies, 

IT. 310 340, 31i March, 1015. 1S50 copl<u 

I3>. 317 4 43, 14 May, 1015. 10(M> (*opies. 


iii 























LIST OF iriUlSTUATlONS 


l^Iafes 

I.— Oarfocniii, luUivithwl sixhmiiiouh. 

U.— Gactovrink DolallH of plati's. 
ril.— Oactocrhu, Dot ails of phi t os. 

IV.— Gaviovrini, Dot ails of plat os. 

\.—Gavtovrink DoLiiils of platos. 

VI.—^LaniiDaiod (Ihrysotilo-Asbostos from Thodford, C-anadn. 

Vir.—Map sliowiui; tho DistrlbuUou of ('llintou Ilomati<»‘s in flir rnihsi 
Stntos. 

VII r.—Fossil Ore. 
rx.—Fossil Or(‘—I‘hotomicrograpbs. 

X.—oolitic Ore. 

XT.—Cavoriions Oousolidation. 

X11.—Specia I (Consolidations, 

XTIT.—Special Ooiisolidations. 

XTV.—Partial Impregnation. 

XV. —Oherty Limestone Seams. 

XVI. —Fossil Ore—Pliotomit*rograpl)s. 

XVII.—Oont«ict SpecMinons. 

XVIU.—Mud Cracks. 

XIX.—Contact Specimens. 

XX.—Contact Specimens. 

XX r.—Odlltic Ore—Pliotomi(*rographR. 

XXTT.—Sections of lOmbryos bt^fore and after Sogmoiitation. 

XXIII.—Sections of Dmbryos with Two and Throe Somites. 

XXIV.—Transverse Section, Kmbr 3 »^o of Four Somites. 

XXV.—^Transverse Section, Kmbryo of Four Somites. 

XXVI,—^Transverse Section, Kmbryo of Four Somites. 

XXVIT.—^Roconstnictlon of Neurnxis of Kmbryos of Four and Might 
Somites. 

XXVIII.—Transverse Section, Dmbryo of Fight Somites. 

XXTX.—^Transviu'se Section. Wmbryo of Fight Somites. 

XXX.—^Transverse Section, Fmbryo of Fight Somites, 

XXXI.—Reconstruction of Nouraxis of FmI)r.vo of Nino Somites. 

XXXII.—^Iteconstruction of Nouraxis of Finhryo of Ten Somiti^s. 

XXXIII.—^Reeonstrnctlou of Nouraxis of Fmhryo <if Twelve Somiti's. 

XXIV.—Reconstmi'tioii of Nouraxis of Rmliryo of Fourteon Somlio.s, 
XXXV.—Reconstruction of Nouraxis of Fmliryo of Sixteen Somitc‘s. 
XXXVI.—Reconstruction of Nouraxis of Kmbryo of Sovent<‘(ni Somiti^s, 
XXXVTI.—Reconstruction of Nouraxis of Fmbryo of NlnettHm SomlU^s. 
XXXVITT.—Reconstruction of Nouraxis of Kmliryo of Tw<*nty-on<* Somites. 
XXXIX.—Reconstruction of Portions of Nouraxis of Fmbryos of Fight am) 
Nino Somites. 

XL.—^Reconstruction of PoHions of Nouraxis of Fmliryos of '‘I'woivo 
and Twenty-one Somites. 

XLL—Transverse Section of Embr.\^o of Sixteen Somites. 

Ir 




Tc.rt FigiircH 




Uolatioiishiu of spec*ios of Carto<‘rinun aiul TvlciovrUmH . 

liostorntion of Camaranaurm by Copo. 

ningrams of consocutlvo annual and consecutlvo monthly moans of tom- 

porature at ArcMiuipji. 

Maer<)])loloii, 1 STS 1887 . *7 

AlacToploioii. ISTO-ISSS . 

MacToinoloTi. lSS0-lS8i» . »T 

Ma<T()in(*ioii. 1SSI-IS{M>. 17 

MjRM'opioioii. jsj):‘> my 2 . -is 

Maoroploion. 181)1 ll)0;l . IS 

MacToploion. ISDb IIMH . *48 

Ma<TO]>loion. IsiXi -IDOn . IS 

Curves of the (‘oiisooutivo moans at Uu<*haro»st, Odessa, Warsaw, Kassan 

aufl Aroquipa. 62 

C\>nso(‘ativ(‘ t(uuporatui’(» <‘ur\os at Oonova, Aa<*hon, Vostervit?, Bodo, 

Haparantla aiul Sy<lvarani;m*. OJ} 

T(Map{‘ratui*(‘ ^(‘partums for llu‘ year 11)00. 66 

Tomi«M*atur<‘ departures for the y<*ar 1001. 06 

Tom])erature <loi>artures f<»r the year 1002 . 67 

T('iap('r,Mture <lepartiiri‘s for the .\<»ar 100;j. 67 

Temi)erature departur(*s for the year 1001. 60 

'r<Mnp<‘raluro departur(‘s for tlie year 1005. 60 

q\‘mp(‘ralure departures for tiu* year 1006 . 70 

Tem]>erature departures for the year 1007 . 70 

I'eiaperature departuns for ih4» year 1008 . 72 

T(*mperatur<‘ d<‘partures for ilu‘ year 11M)0. 72 

Temperalur(‘ departun‘s for tl»<» year 1000. m 

q\uap(‘rjitur<‘ <h‘partur<‘S for the ,\ear 1001. 80 

Ttunijeraiure (leparlur<*s for lh<' year 1002. 81 

Temperature d<qan’tures for tiu' ,^ear lOOJl. SI 

7\‘mp(M‘at\in‘ <lepartun»s for the .\ear 1001. SJt 

Temperature departur<»s for tlu' year 1005. SO 

7\‘mpei\*iture departures for the year I0(M». 81 

Temp<M’atnre d<‘partures for the ,v<sar 1007. SI 

TemiKM’alure (h‘parlur4»s for (h<‘ year 1008. 86 

Teinixu'ature departures for the year 1000. SO 

Sue<*(‘sslv<‘ positions of tlit^ qtiasitionual Hue. SO 

Cn»l!;r<‘ssiv<» dlspia<*<‘ni<»n(s of th(» antiplelon of lOOl. SO 

Displamneiits of tiie ^piasinorimil line. 00 


I>epartxires of temperatnr4» averat^<*H for 1002. S(*pleml>er, 1005.. 00 

l>< 7 >arlnres of lem|K‘raltire aV4»rat?es for .Vi^vember, 1002, ()etolM‘i‘, 1005... 00 

Departures of t(u«perature ,Mvtu*aiies for Ihs'emlaa*, 1002, NoV4*mlKM\ 1S){):S. !M) 

Departures of temijeralure averatces for I^Vhruary, 100.2, .lanuary, 1001... 01 

I departures of tcmiperaiure averai^es for M«rt»h, 1005, Kebrnary, 1001,,.,. 01 

Departur<‘s of tt‘mperahir(» a\<M’juj:es for April, 1005, Mar(‘h, 1001. 01 

Departures of temperature averaafos for May, 1005, April, 1001. 01 

D<'parfures {>f t<‘mperature aviM’aires for Mjindi, 1001,- February, 100.5. 02 

Departures of temperature avei*aa:<‘s for .7uly, UK)I, ,Tu«e, 1005 . 02 


V 





































T(',tl I'hffne^ -(’ontiniK'd 




Departures of tomi)oraturo iivor«i?es for January-l>eetMub(‘r. V,m . ivj 

Departures of temperatim* averaj^es for February, li>or», tlanuar^, ISMWi... t»i! 

Departures of temperature averatres for January Ib'eeiuber, IJMMt. tKl 

Departures of teni])eratlire arera! 2 :es for FcMu’uar.N. IJKMi. January, V,)t)7... 

Dei)artures of t(*iuperature averai?t»s for Ai>rii. liMKJ, Mar<*h, lb07. PJi 

Departures of t(Mnp<‘i*atur<^ a\erai^es for Juius ItMMt, May. 1JMI7. b.‘> 

DIsplaeements of the (inasiii(n*nml line on tin* eonsecuti\e tl(M>artur(‘ maps 

of February, lt)07,-January, 1!K)S, until July, lt)07, June, IIMIS. «)( 

Dloionian pendnlations. JMt 

IMeionian ain])litu(l(‘s and the Are<iulpa eurv<'. tH* 

<V>nseeutive t(‘inperature eurves of Atlantic* <*oast stations. 1)< 

Temperature variation of Montana (Miles (Mty) eoini>ared with that of 

Maine (Fast])ort) . HMl 

Temi>eratnre variations in Montana, Nebraska, Kansas and Louisiana.... ltd 
(’’omparison of varijitions in (''allfornia and Texas with the Ansiuipa 

eurve . lO’J 

Tcmiperature variations in (ireenland, Ireland and Fanx^. IPn 

Tenip<*rature variations in Newfoundland and Maine. 1(17 

T(‘inperatur(» vaidatious in the Azores, Madeira and (\*ip<‘ V<M*de Islands.. KIS 
Temi)erature (airves at St. Helena, ArHinil>a, Porto Kieo and Ilernmda... KMl 

Ideionian mineetions... 11:! 

55oblo«ieal recpons on north polar projection. 171 

The southern continents, south polar proj<H*tion. 17d 

dross-section of continental jdatforms and ocean basins at IfF north lati¬ 
tude .177 

dross-section of continental platforms and ()(‘ean basins at the ecpiator.... 177 
Ohara<‘teiistic features of the mammal faniue in different ssociloujii'al re¬ 
gions at successive epochs of the denoKoic... 1M7 

Dispersal and distribution of the principal rii<*es of man. 21(1 

Dispersjil of the Primates.... 211 

Phyloajeneth* relations of the living? and extinct uti*ou])s of Prlinatt‘s.2T:» 

Distribution of modern danida*...217 

Distidlmtion of the Pro<*yonld»e and Vlverrida*, formerly Neandlc and 
l^ahearctic, hut now surviving? clifefly in the perfi>li<*ral r(‘Jdons.220 


Distribution of the TIrsida*, Pleistocene and K(*c(*nt. 222 

Distribution of Soricida* and of Talphhe. 22.*) 

Distribution of (ieomyoldea, Anomalurida' and Pedetidse. 220 

Distribution of the true Porcupines (Ilystricidte) and Nt‘W W<»rld Porcti 


pines (ErethlKonthbe) . 2;i0 

Distribution of the Neolroideal families of n.vstricoiuorphs. 222 

Disi>ersal and distribution of tbe Perissodactybi... 221 

Distribution of Faiuidje, llviiijj: and Pleistocene.,. 22.% 

<}e()loffic ranjjfe and phylop:enetic relations of fossil Kcpiida^. 2;i(l 

Distrtlmtioii of the Tapirs, Uvim? and Pleistocene..,. 2.2*< 

Distribution of the Rblno(*eroses. livini? and Pleisto<*en(‘. 22i» 

Distribution of Pijics and Peccaries.. 241 

Tile dispersiil center of the dainolidte was in North America. 212 

Distribution of (^n•vida' and pro-OrvId Tramillda*. 245 


vi 
































T<\rt - (’ontimuMl 


Distrilmtion of the UovidM', oxistini? jiihI o\fiin‘l. 

Distrilmlioii ot tho (iiniffos, oxistiiij; juhI o\tiii<'t. 

Distribution of the Antbrji<*otlioros and Ilippopotnini. 

IMi.vlo4;(*n.v and distribution of tbo A!*tio<ln(*f.\la. 

Holadoiishii) of tin* (Naid.v laid bra to tin* Nolouni,ui]at(' and Sulmiiirulalo 

jurroups of hoofod inainnials. 

Distribution of tli<‘ Kjd<‘ntat(* onlors. 

i>istribntion and pii.\ 1 oh(mi.\ of Xonartlira aiul TaMiiodonta. 

I dstrlbutioii of iMarsupiaK. 

Distribution <>t tii<‘ Dro<*odllld.o... 

Distribution of tlinn* fainilios of Anura. 

Srboma of th(‘ composition of tlu^ tan'iMibalon in t(‘rms of liasal ami atar 

plates of Ills. 

?5<*lioma of the composition of tiic ou<‘<‘phaloii in tm-ms of Iiasai and alar 
plates and ifaiiiflionb* zone. 


‘JtK 
LMb 
l!ol! 
‘Jo t 


‘jr>7 

•J.Vd 

jsn 

2S)(i 

*»»to 
o* »n 

;j;«) 


vu 
















IAnnai.h N. Y. Acap. Sci„ Vol. XXIV, pp. 1-17, IMI. I-V. 1 May, 1014) 


TTIR rrSE OF (MUN'OTD ARMS IN' STUOIES OK PIlYLOdRNY* 

By Elvir4 Wood 


{Presonied hy litip before the Academy, March, 101 ff) 


(X)NTENT« 


Introduction. 

Dcsoription of (UivtovriiuiH and six spc<‘ics of tlu* l?<‘uus 

Oomparirton of the procc^dincr six species. 

Tho VactocrinuH mvltibrachiatm series. 

Comparison of tlie itrcM'odinj; tiiree spe<*ios. 

Relation of rartornnm< to Tctcincrlnm . 

C>onclusion. 


Pajje 

1 

fK 

9 

12 

14 

15 
17 


InTHODIU'TION’ 

In si inlying (ho |)h\lo^(‘ny of Paleozoic crinoids, the \\ork( 0 ‘ is greatly 
li}un|)ore(l liy t]u‘diniciiliy of obiainin^^ infonnaiion aboiii tIuM'arly stages 
in oniogony. By tho lini(‘ ilu* yoiin^jf crinoid is snirKdcntly (‘aleilit'd to !)(' 
preserved in ilu‘ fossil state, the ealyx has nearly, if not (juite, all the 
plab‘s whi<'h are to b(‘ j)n*M*nt in the adult, ''I'his fad is illustrated by 
a ealyx of lUitocrlum m\y I niilliirielers in h<‘i^jfhl which pos¬ 

sesses all tlie plates of the a<liill, with the full nnnibcr of arms and a 
well-de\elo))ed logmen and anal tube. The present pap(‘r is concerned 
with n^sults whi<*h were obtained from a stu<i\ of adult, or of late n<mni<‘ 
stag<‘s of i*amerale crinoids. 

In order to delermim* tlu‘ exact amount am) <*haracter of tin* varia¬ 
tion occurring in ih(‘ number and arrangement of calyx plates, about one 
Inindr<‘d spe(dmens of Ihi/orrintts and Caefot Hnns were examined and 
the ]>osition of eaeh plal<‘t‘arefully reeorde<l. From Ibis investigation, it 
was found that there is very little variation in tin* plat(‘s <‘on(*{»rn<*d in the 
sup[)ort of ib(* arms. In th<‘ spcxdmeim of Cadoc/hms (‘.xamin<‘d, the* only 
variation in the rn<lial series was found to la* due to the prewuu^e of an 
extra ami or one arm less than the normal numhi'r for the ray, necessi¬ 
tating a greater or smaller number of plates in the <*alyx. In <‘a(*h 
the plates prtxsent followed the normal order fora similar ray or half ray 

'Manuscript nwlvrd I).v tin* lOdltor. *4 Polirimry, 1014. 
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in another speciea. In Baiocnnm, the most rre(iiicjit varintion in the 
radial series was due to the absence of the first costal, or rarolv, fo tlie 
presence of an extra distichal below the axillary one. A greater amount 
of variation occurs in the number of interbrachials, as these are sinijily 
space fillei-s, and their number depends mainly on tlu* relative' height and 
width of the eu]). The most marked variation was found in the anal an'a 
Of the seventy-five specimens of Hato(rinns studied, four had two plah's 
in the second row of the anal scries, as in tlie Actinoerinidie, and one of 
twenty-five specimens of Caclocnnits had three plates in the second row, 
after the manner of tlie Batocrinidai. As will be readily scon, this amount 
of variation furnishes little evidence which can be used for working out 
phylogeny, except in the most general way. 

The ornament on. the surface of closely related species differs in degree 
rather than in kind, and hence does not show changes sufficiently dofiniie 
to furnish satisfactory results. 

The stems of crinoids often show very definite and well-marked changes 
from the proximal to the distal portion, but it is so comparatively rare to 
find the crinoid stems intact for any considerable distance from the calyx 
that they are only occasionally helpful. 

A study of crinoid arms has shown that in some genera, at least, more 
satisfactory results may be obtained. It has long been recognized that 
the uniserial condition at the base of many arms which later become 
biserial is reminiscent of ancestral species whose arms were unisorial 
throughout. Applying the same principle to other characters, it is be¬ 
lieved that changes in the form and ornament of the arm are indications 
of changes through which the ancestors of a species have passed and tliat, 
taken in connection with other characters, they may be used to deienninc 
the phylogeny of the group to which the species belongs. This method of 
study will obviously be most useful in genera having highly modili<}d 
anus, and the genus Oactorrinvfi has furnished the malorial upon which 
the present paper is based. No single character cau be useii aloiu' in 
working out relationship, and in this study constant rotmmtv has l)e<m 
made to the characters of the calyx as well as of the arms. Tlu' <‘olumn«, 
in nearly all the specimens available for study, wem not preserved* 

In the descriptions of species of Caclocrinm which follow, a rc'fert'ncxs 
is given to the original description and to a later full dcscrijilion and fig¬ 
ures. Only such facts are added here as have a bearing upon the present 
mvestigation, except in the case of new species and Caciocrimia proboscis 
dalvi, which may bo used as a standard of comparison for otlier species 
and is fully described. 
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DEScuimoN OF Oactocrinus and Six Spkcjims of thk (ifnus 

Oactocrinus Wachsmutb and Sprin^^^or 

18D7. Oactocrinus WAcnaMUTH and Spbinokii, North Anioriran IJrinohlea 
(^a moral a, p. (>00. 

The Kpo(‘ieH iuoluded in ilio i>onuH Vacloirimtu wore, with low evoc*})- 
tions, originally doborihod tiiidtM' tho goiiiia A( iino( rituta, and for tho 
present purpose^ the genus is suHicionily defined by eiiumomtiiig the fea¬ 
tures by which it is distinguished from AciinocTinns. Tho most notice¬ 
able of such distinguishing characters seems to be the arrangement of the 
arms, which form a more or loss continuous row' around the I'alyx; that is, 
the interbrachial and intorambulacral plates do not meet between the 
arms as is tlic case in Arlinornnus. AnolluT distinguishing fcatiu'e is 
that, ill species having more than four arms to the ray, tho third bifurca¬ 
tion takes j)lace on the second or third plate above tho (listi(‘hals in Arii- 
norrinuti, while the axillary palmar iminedialelv follows tho axillary 
distichal in Cartomnus. Tho two genera are also said to differ in the 
structure of tho pinnules, but the spines on the proximal pinnules of 
Cacioenrms are ropresented also on many species of At tinorritm^, as well 
as on other genera as far removed as Dori/rrinus and Krebmorrinus, 
Hence this cannot be used as a distinctive feature. 

The typo of the genus is Cactocrinus probosoidalis (Hall). 

Oactocrinus probosoidalis (Hall) 

mate I, flj?. 1; plate II, figs. 1, 2, 2a, 2b 

1858. ActinocrinuH proboscUlalis Hall, liopt (Joel. Surv. Iowa, Vol. 1, pt 2, 
p. 584, pi. 10, fig. 13. 

1897. Oactocrinus probosHdalis WaclismutU and Springer, North American 
Orlnoldon Camerata, p. 001, pi, 58, figs. 3. 4, .5, 0. 7 a-d. 

The calyx of this species has a width slightly greater than its height. 
There are, as usual in tho genus, three basals, five radials and five each 
of first and second eostals. Tho axillary distichals rest directly upon tho 
second eostals, and oadi of those gives rise to two arms, making four to 
the ray. The 8urfa<*e of tho calyx is ornamentod by a node at tho center 
of each plate from which simple carinse radiate across tho margins and 
become continuous* with the carinse from adjacent plates. The entire 
surface of both cup and arms is covered with extremely fine granules. 

The arms are long, three or four times the height of the calyx. Be¬ 
yond the first palmars, from one to three plates pass entirely across the 
diameter of the arm, hence the biserial condition is attained early in this 
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species. In fonn, the arms are cylindrical at the base, but a1 a distaiu'e 
from the base varying from the third to the tenth plate, Ihoy boc'otno flat¬ 
tened laterally, and the individual plates are elongated, produ(*iiig a 
marked expansion of the arm at about half its heigJit which may bo iak(‘n 
to represent the adult stage. Beyond this, the arm lapers gradually lo a 
point, at the same time becoming more nearly circular in cross section 
than at its middle portion. In the growth ot* the crinoid arm, new ])laies 
are formed at the tip, and these small, nearly cylindrical plates are in an 
immature condition. Their resemblance in form to the plates near the 
base of the arm probably indicates that they are passing through a singe 
comparable lo an early stage in the development of the entire arm. l^hat 
such localized stages occur in other genera has already been pointod out 
by Grabau.® 

Immature plates were observed only in Oactocrinus proboscidalis and 
C. bac(alus\ Others of the species studied had the arms strongly in¬ 
curved and the tips coni'oaled by the matrix, except in the (7. nmlfi- 
Irachiaiufi scries whore the arms wore imperfect at the ends. 

Each plate of the arm of (\ prohosddalis bears a distincd transverse 
ridge running the entire width of the plate and situated about one-lhird 
of its height from the upper margin. The ornameni appears on early 
plates, at distances from the base differing somewhat in differeni S])oci- 
mens, and continues to the extreme tip of the aim. The pmximal pin¬ 
nules, as in other species of the genus, bear strong overlapping spines. 

Column cylindrical. The proximal nodals project but slightly beyond 
the internodals, but at a distance of about 20 millimeters from tlio calyx, 
the nodals have twice the diameter of the internodals and lia\c Ihcir 
margins extended into a thin, knife-like edge. At a distance of 85 milli¬ 
meters from the body, the number of intercalated plates has increasial 
tihtil there are seven between successive nodals, and at this point th<‘ 
nodals have blunt margins projecting but little beyond tlie internodals. 

Tegmeii moderately high, covered with numerous nodo'^e ])laies. Anal 
^ube long and slender. 

Hobizon and iiOC4LiTY: TA>wer Burlin^on limestono, Burlington, Iowa. No. 

415, Museum of Oomnarative ZoOlogy collection. 

Cactocrinus baccatiis sp. nov. 

Plate I, fig. 3; plate TI, figs. 3, 4, 4a, 46 

Calyx similar to that of Cactocrinus proboscidalis in form. Bnsals variable 
In size, sometimes minute with the calyx resting upon the rafiialfi, sometlmea 
as large as in Cactocrinus proboscisaUs, 

» A W. Grabait • Amer. .Toiir. Scl., 4th ser., Vol. 16, pp. 280-300. 1003. 
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In amingement of the plates and 8urfHc*e ornament, this species does npt 
differ essentially from 0. prohoscidalis, there being the usual number of plates, 
five basals, five each of radials, first and second costals and ten axillary dis- 
tichals each of which bears two arms, making four to the ray. Tlio arms of 
the two species are similar in form, being cylindrical at the base, strongly 
flattened laterally throughout the greater portion of their length, tjiporiiig 
and becoming more nearly <*yllndrical near the tii)S. The most charneteristic 
difference is in the ornament of the arms, for while the arm plates of (7. 
proboHi hdaUm bear a single transverse ridge tliroughout, the arms of (7. baccatuft 
have tliis simple ridge only near the base of the arm. At a distamce from the 
base varying from (i to 20 millimeters In different spc^cimons and vai’ying to 
some extent in different arms of the same spoedmen, the transverse ridge is 
broken up into a row of small nodes of which there are five or six on each 
plate at tlie greatest diameter of the arm. 

The column was not preserved with any of the specimens found. 

noBizoN AND LOOAiaTY: Lowor Burlington limestone, Burlington, Iowa. No. 

558, Museum of Comparative Zoology collection. 

Cactocrlnus platybrachiatus, sp. nov. 

Plate I, fig. 2; plate III, figs. I, 2, 2a, 2b 

The basals of the only speedmon representing lids spedes are not preserved. 
Of the plates above the radials, only those of two rays and one iuterra<llal 
area are preserved. Their arrangement seems to be the same as that usual In 
the genus for five or six armed rays; that Is, hi one of the half-rays present, 
the axillary dlstichal is followed, without intervening plates, by an axillary 
palmar which gives rise to two arms. Tlie palmar resting on the other axillary 
fhoe of the dlstichal bears one arm giving three anus to this half ray. The 
same arrangement Is seen In another half ray, but whether there were two or 
three arms In the other half of the same ray cannot be dotonnined. There is 
one small interdistichal, and the formula for the interbrachials is 1, 2, 2,1. 

The ornament on the o*ilyx is essentially the same as that of OaotooHnus 
prohoacidalifi, but since there are more plates duo to the greater number of 
arms, and a ridge <*rosscs each suture line between the plates, the coslie ap¬ 
pear more crowded than on the latter specdos. The node at the center of ea<‘h 
plate Is also less prominent. 

The arms nre cylindrirtd near the base but expand rapidly in the median 
portion. They are flattened laterally but less strongly so than the arms of 
Oactorrinua baevatus. Tlio form of th<‘ arms tdiangos gnidually, until in the 
upper poitlon they are flattened dorso-ventrally. Their tips are incurv<*d 
toward the anal tube and buried In the matrix. The bis(Tlnl (*onditiou is at¬ 
tained early, only one or two plates at the base passing entirely m^ross the 
arm. The surface of the aim is smooth at the base. A little later a trans\erso 
ridge appears which soon breaks up into a row of nodes like those of (hwto- 
arin^m bacratus. This type of ornament persists for the greater portion of the 
length of the arm, but l)y the time the dorso-ventral flattening is eslablislusl, 
some of the lateral nodes become confluent, rnlueing their number until there 
are but three on ea<‘h plate, and on .some of the latest plates visible, there are 
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only two, a shorter node near the median line of the arm and an elongated 
one placed laterally. 

The column is unknown. 

IIowzoN AND locauiy: Jjower Burlington limestone, Burlington, Iowa. No, 
5(i8, Museum of Comparative Zoology collection. 

Vactocrinm plalyhrachiatus is distinguished from 0, baccalus by iho 
greater number of annS;, the dor&o-vcntral flattening of the arms and the 
confluence of their surface nodes in the upper part of the arm, probably 
representing a late stage of development. It is distinguished from 0. 
reliculatus by the many nodes on the arms at ilie maximum differentia¬ 
tion in structure, representing the adult stage, the less strongly flattened 
arms and the absence of lateral spines on Uie anna near their tips. 

Caxjtocrinus reticulatus (Hall) 

Plate Ill, figs. 3, 4, 4a, 4h, 4c 

1861. ActinoennuH reticulatus Hall. Description of N(‘W Species of ('irinoidoa, 
Preliminary notice, p, 2. 

1897, Cactocrinus reticulatus Wachsmuth and Springer, North American 
Orinoidea Oamerata, p. 605, pi. 58, figs, 2a, 2&. 

The arrangement of the calyx plates in this species is somewhat van- 
able, owing to the fact that it has sometimes five and sometimes six arms 
to the ray. Of six specimens selected at random, three had 28 arms, one 
27, one 24 and one 22 arms. When there are five arms to the ray, it is 
always one of the median palmars which is axillary and bears two arms, 
while with six arms to the ray, both median palmars become axillary and 
the lateral palmars bear a single arm. On the calyx of large individuals, 
the primary costa3 arc sometimes bordered by a second series producing 
a smaller triangle within a larger one. The nodes at the (‘ciiiers of ihc 
plates are inconspicuous or sometimes absent. 

In form, the arms are cylindrical at the base, but soon their plates are 
elongated as in Cactocrinus pivbomdalis (see Plato Tl, fig. 1). A I idle 
later, the plates are curved, forming an arm equal in lateral and dorso- 
ventral diameters. At a slightly higher point, the arms are flattened 
dorso-ventrally, and the latest of the exposed plates are strongly flattened 
in the same direction. The ornament begins on the early plates of th(‘ 
arm as a stinng transverse ridge or elongate node near the lateral margin, 
and a few plates later, a new node appears near the median line of the 
arm. As growth continues, these two nodes appear on successive platos 
nearer and nearer to the lateral margin, and when they have receded far 
enough to leave a plain space near the median line, a new node appears in 
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that position. This node eontinuos to increase in size at the saiue time 
that the lateral node diminishes. Later, as the arm approaches its dorso- 
ventrally flattened form, the lateral node disappears, the former mediau 
nodo is elongated into a projecting spine and the newly introduced median 
node is now a prominent feaUirc of the omaTnent, The remainder of the 
arm. is incurved and buried in the matrix, licnce the (diaracter of the 
latest fonnod plates is unknown. 

The column is not preserved on any of the specimens at hand. 

Horizon and ix)CAniT\ : lA)\ver 15ui‘liut?ton limestone* Burllnii^ton, Iowa. No, 
527, Museum of romparatlvc Koinogy coll octIon. 

Cactocrinus denticnlatus Wachsmuth and Springer ' 

Plate IV, figs. 1, lo, 2, 2a, 2?> i 

1897. iUwtovrinm di^ticulatus Waehsmuth and Springer, North American 
Oiiioidea t^amerata, p. 600, pi. 57, figs .5a, t)b. 

Oaclo(ritius deniuulatus is closely related to (\ reikulaius. The ar¬ 
rangement of the calyx plates is the same, ex(‘ej)t tliat in C, denlunlatus 
six arms to the ray form a constant feature necessitating a greater num¬ 
ber of plates for tlioir support. The ornament is somcwliat more elabo¬ 
rate from the iBX*i that small nodes are present on the costae of the upper 
part of the calyx, and these sometimes extend as irregularly placed nodes 
over the base of the arms. 

The anns pass through the same series of changes in form as those 
described for Cacdotrinus rctivulatus, except that the early condition witli 
elongate plates is not presi^ni, and the successive changes up to the dorso- 
veutral flattening appear at a relatively earlier period in the development 
of the arm than in the preceding species. The latest exposed plates of 
the am have a more extreme form than the corresponding plates of 0, 
reticuhfm. They are more strongly flattened dorso-ventrally, have longer 
spines, and the nodes arc so high and pointed that, in some specimens, 
they might almost bo called spines. Still further differences appear in 
tho lateral spines, which are often alternately longer and shoi+or, and 
when this is the case, the nodes also alternate in size, tho larger node 
occupying the plate with the shorter spine. Thu alternation in size of the 
spines and nodes is not perfectly regular, but it is a pronounced tendency 
which manifests its<‘lf to some extent on all tho spccirnerih studied. The 
nodes arc not, as in the preceding spo(*ies, close to Iho median line but 
have receded to some distance from it. 

The column is missing from all the specimens studied. 

Horizon and ix)calitt • lA)wer Burlington limestone, Burlington, Iowa. No. 
534, Museum of Comparative Zoology coUe<*tlon. 
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Cactocrinus opusculns (I]all) 

Plato I, fig. 4; Plato \\\ figs. 4, 4(/, 1/;, 4(*, 4d 

I860. Actinocrinus opmf-ulus Hall, Suppl. (iool. Kopt. Iowa, dos<»rlption of 
pi. li. 

1897. Cactocrinus opusculus WacUamuth anfi Spriiigor, North Aniorloaii (Iriiiol- 
(lea Camerata, p. GOT, pi. 56, figa. 5a, r>/>. 

The calyx of tin's species bears a close rcseiublanco to ihat of Cacio- 
crinus Teticula>lu.% except in the greater number of plates necessary for 
the support of six arras to the ray, which is the normal number for (\ 
opusmlus. The surface of the calyx is ornamentefl by a single iioch* at 
the center of each plate with connecting carina?, as in (L reiiculains. 

At the base, the arms are, as usual in the genus, cylindrical and sniooih, 
but they soon become flattened laterally, as in T. proboscidalis, ami in 
retarded specimens bear the strong transverse ridge on the arm pla(<^s 
characteristic of that species. One specimen retains the 0. prohomdalift 
type of ornament for 26 or 30 plates, while in accelerated individuals this 
condition is represented by only 2 or 3 plates, or may be absent altogether. 
In average individuals, at a distance from the base varying from the 
tenth to the twentieth plate, a slight angulation appears on the arm near 
the median line. This slight elevation increases in size on succeeding 
plates until it forms a distinct node. x\t the same times it recodes far¬ 
ther and farilier from the median line. The lateral node continues to 
increase in prominence until it becomes a distinct spine, and accompany¬ 
ing this change in the node, and partly in consequence of it, tlio form of 
the arm changes until it is vstroiigly flattened dorso-ventrally. M(‘an- 
whilc, another row of nodes lias come in close to the median line on each 
side, as in CavUurinm reticula tits. At the highest point obsenabh* the 
arm is strongly flattened dorso-ventrally with a row of sjiines along 
lateral margin and a row of nodes on each side of the median lin(‘. 

From the time the angulation appears until it devidops into a distinct 
node, the surface of the plates is distinctly corrugated, although iho 
strength of the corrugation varies greatly in dilTcrent hj)(‘(*im(‘ns. 'Phe 
specimen figured in Plate I, fig. 4, and Plato IV, fig. is a highly ac(*el- 
orated individual showing all the characters at the acme of their (l(‘v(‘iop- 
ment. 

Horizon and locality: Lower Burlington limestone, Burlington, Iowa. No. 

623, Museum of Comparative Zoology collection. 
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COMPARISOK OF THE PllEOF.DlNO SiX SpEOIWB 

A study of the (irat five of the species just described shows a soruM of 
gradations in structural characters which is here interpreted to mean that 
they form a continuons phylogenetic series in which th(^ tiMidency of 
evolution has been from the simpler forms to the more (*ornple\. 

IMiroughout the comparisons whi(*h follow, changes in structural fea¬ 
tures are assumed to represent stages in development, and the complete 
series of such changes to express the evolution of the ami as a whole. 

The calyces from (Uuiocnnii,^ prohoscidaliH to (J, doMticulaluH show a 
progressive increase in the number of features to be considered, I’he 
greater number of (*alyx plates is due to tlie increase in the number of 
anus developed, from four in (\ probomdalis to six in C\ dmHcnlalus, 
The elaboration of surface features is expressed in additional oarinje and 
fine nodes covering them in (\ dcnticuIaiuH. 

The anns funiish more (‘onclusive evidence of relationship. In study¬ 
ing the arms of crinoids, we have to consider several distinct characters, 
such as the stage at which tin* biserial condition is introduced, the form 
of the arm as e\press('d in its transverse soedion, the thi(*kness of the in* 
dividual plates and the surface features or ornamiuii of the arms. Each 
of these ('linraciers may develop at a (hUerent rate of evolution in dilfer- 
ent specimens or even in diirereni arms of the same s|)ocim(‘n, but in the 
same phyletie series new features for each will apfxnir in the same onler 
but not, as already stated, necessarily at the same iiriu'. For example, we 
may find in one arm of (^aciovrinm denikuiaim the median row of noiled 
well developed on iluj twenty-fifth ]>!ate, while in another ann they are 
not distinct until the thirty-fifth. The lateral row of nodi's may be de¬ 
veloped on the sixth plate or not until the fifteenth plate, but tlie median 
row never appears before the lateral row. 

Oomjiaring the arms of the five speides in detail, we find that fWio- 
crirnui prohomdalk has a laterally flnttcuicd arm with simple transverse 
ridge. C, IxuraluH ndains the same form and, according to the interpre¬ 
tation of the facts hero given, passes through the same (‘arly stjigos as its 
ancestor, (7. prohosridalui; that is, first (*ylin(lri<*al, then laterally llatlen(‘d 
with a transverse ridge on (Wjh plate, but this sp(*<*i(‘s goes a step farther 
in the breaking up of the iraiisversi^ ridge into a n)W of nodes. In both 
these species, the arms taper to a point. arms of (!. platybrarlnalii,s 
pass through tlie same early stages as its ancestors, repeating the trans¬ 
verse ridged stage of C7, proJmcidaJis, the nodose stage of G, baccatm and 
adding a feature of its own in the confluence of the nodes at a late stage of 
•development. In form, the arms present entirely new features in their 
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expauHion near Ihe }M)inl of eimature and iheir dorso-ventral ilaiioning. 
In the arms of retit nlatuj<, the stage of the exHiuIrieal sniootii ann is 
followed hy one in whieh oaeh plate bears a shoi*t prominent ridge m^ar the 
lateral margin uhieh is ladieved to Tvpreseni the coidlneni nodes of its an- 
eesior, now redneed io one elongate node, or short ridge, plae(‘<l elos(‘ (o ili<‘ 
lateral edge of the plate. A few plates later, a small node appears near the 
median line. This stage is re])rosented on Plate III, fig. 3. In sue(*essive 
plates of the ami, these two nodes appear nearer and nearer to the lateral 
margin luitil a plain space is loft into which a new row of nodes is intro¬ 
duced near the median line. The median nodes inerease in sti*engtli, while 
the outer ones diminish in size as they recede toward the lateral margin 
until they disappear. Meanwhile, the form of the arm has changed, be¬ 
coming flattened dorso-ventrally so that the fonner median node occupies 
the lateral margin and is elongated into a spine. The line of nodes of 
latest origin remains near the median lino, l^hese changes are illusiratcd 
on Plate IIT, figs. 3,4,4a-4r. Tt thus appears that, in this gnmp at l(*a«t, 
new features arise near the median line of the arm and on successive 
plates seem to move laterally until they disappear and are replaced by 
features of later origin. This fact has led to the eonehision, stated above, 
that the elongate node on early plates of Gaciorrinm reiicuMuf^ repre¬ 
sents confluent nodes in a late stage of their evolution and soon to disap¬ 
pear, rather than that it has any relation to ihe transverse ridge })rescnt in 
early stages of its predecessor, C. platylmchiodus. The smooth space thus 
left on the median half of the plate, in the preceding spceics, becomes a 
field for the introduction of new features which appear successively as 
lines of nodes. 

In the arm of C, denficulalm, the earliest stage to appear is that w'ith 
an elongate node and a shorter one, both near the lateral margin of the 
plate. The ancestral features arc, in this species, somewhat obscunMl by 
the presence, on early plates, of nodes whicli are the continnalion owr 
the base of the arms of the* irregularly ])laccd nodes present on iht^ calyx 
of this species. They constitute a feature of later origin quite distimd 
from the two nodes near the lateral margin of the arm plai<‘S, ^'h<‘se 
irregularly placed nodes are present only on early plates of tin* arm, and 
by the time the eightli plate is reached, they have disappeared, as shown 
on Plate IV, fig. 1. The two nodes remaining after the disappearance of 
the irregularly placed nodes are, in the specimen figured, sharply pointed, 
but this is not a constant feature for the species. Beyond this point, Uic 
evolution of the arm for the greater portion of its length is the same as 
that described for 0, retimlaius, except that it is more accelerated, new 
features appearing at an earlier period than in the latter speoies. The 
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filial stage in the evohilion of the arm of V, denticnlatus is inoro extreme 
than that of (\ reiiculalm in that the arms are inoiv strongly flattened, 
the spines are longer and there is an alternation in the size of both spines 
and nodes. 'Phe lateral inoNeinent of surfaee features is further illus¬ 
trated in this s})eeieh hy the faet that on tlie latest philips observable, the 
line of nodes last introdmvd doc's not remain near the nu'dian line as on 
0, reliculatn,^ but lias rc'c-eded to some distance from it. 

This series of fiv(‘ speeics of eriiioids appears to eonstituto an cxcollcmt 
illustration of the principle of reeapitulation, each member repeating the 
life history of its ancestor iiiilil, in the later members, early stages are 
crowded out of tlie ontogeny to be re])laoecl by characters of later origin. 

Oacfocntu(s opu^iculus, the sixth of the species described above, bears 
a strong general resemblance to (^ reticulalus, but it has always six arms 
to the ray and consequently more plates in the calyx. The anus at the 
latest stage observ^ahh' are (dosely similar to those of C. reiiaiUitu,^ at the 
same stage', but they have arrived at this (‘ondition along a different path 
from that traversed by the latter s])eeiea, as shown by a comparison of the 
figures on Plate 1V, fig. it, with those on Plate 111, fig. 3. The early stages 
lacjk the strong lateral node seen on (I reticulatm, and there is no indica¬ 
tion in tlie ontogeny of the species that it has passed through the stage 
with rows of nodes present on (7. baccatm and (K pldhfhraclmtuH. (\ 
opusculufi seems to have been descended from (/. probomdaliH but as a 
lateral branch, following a dilTeront line of evolution from that of the 
0. reticulalm series. The resemblance between the final stages in the 
arms of C. opim-uluf^ and 0. reficnlalus may be considered a case of 
parallelism. 

Another line of evolution from (7. prohoscidali^ divergent from that 
of the reticuUlm series, is represented by 0. clarui;. This species closely 
resembles C, proimcidalis in the calyx and in the strong lateral flatten¬ 
ing of the arms, but it is a much larger si)ecios and has five or six arms 
to the ray. The arms have on their (*ar!y ]>lat(‘s a tratiHV('rs(‘ ridge which 
is strong near the lateral margin and is faint or absent near the median 
line*. On successive plates this ridge bet'omes shorter and shorter, i f»., 
apparently moves laterally on tlic arm like the nodes of 0. nliculatm 
until, between the iliirtieih and fiftieth platc's, it disappears altogothor, 
and the arm plates are smooth. These facds are lioi'C inloiT>rcted to mean 
that C, clanifi is descended from (K prohoficidalis* but diverges from other 
lines of descent in the direction of loss of the ornamental feature repre¬ 
sented by the transverse ridge. 

Having followed certain lines of descent from Cariocrimui probomA- 
dalis, it would be interesting to tra<»e its uncesiry, but 1 have, as yet, seen 
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no specimen which seems to fulfil all the roquiromeiiis for such an an¬ 
cestor. We may, however, reasonably infer what were some of its char¬ 
acteristics. The arrangement of ihe calyx plates was probably the same 
as tliat of G. proboscidalisj and the plates were Jiodosc, either with or 
without connecting carinm. The arms were eylindri(jal, sm(H)th, tap(Ting 
at the tips and the biserial condition was attained laU^ /. (*., more than 
two or three plates passed entirely across the diameter of the arm. Such 
an ancestor would be expected to occur in strata older than those (‘on- 
taining (7. prohoscidaJis, and we should naturally look for it in the Kin- 
derhook, but the species of Gactoninns recorded from tlie Kindcirhook, 
G, nodohrachiahis, C. omaliftsimus and 0. arnoldi, have ornamented 
arms of a type quite different from those of 0. prohomdalis or any of its 
doscondants. This indicates that the ancestor of Gactodinm must have 
lived at a period considerably earlier than the Kinderhook. 

Gactocrinus thetis, of the Lower Burlington, has arms which m form 
and surface are like those of the hypothetical ancestor of (7. proboscidalis, 
but tliey are biserial almost from their point of origin, and there are six 
arms to the ray, while G. prohosddalis has but four. (7. thetis was prob¬ 
ably descended from the same ancestor as G. proboscidalis, but while the 
latter has developed in the direction of surface ornament and modifica¬ 
tion in the form of the arms, G, thetis has been retarded in 8urfac‘C orna¬ 
ment and has advanced in the direction of number of arms and in the 
early attainment of the bisei*ial condition. The two species represent 
divergent lines of evolution. 

Another species of CadoiHnus whicJi probably occu])ies a relation lo 
C. proboscidalis similar to that of (7. thetis is (7. thalia. The latter spe¬ 
cies has long, slender, cylindrical, smooth arms, only four lo the ray, but 
it docs not seem to be an ancestor of (7. proboscidalisy since it is a larger 
species with longer and more slender anns wliich become biserial at an 
early stage. 


Cactoouinuh Mui/nmucni vTi s Smimms 

Cactoermus multibrachiatus (Hall) 

1858. AcUnoorinm wultibracMatus Hall, Kept. Oeol. Surv. Iowa, p. 580, pi, 10, 
fig. 10. 

1807. Oactoctinus multibrocHatus Wachsmuth and Springer, North Amerl<*an 
Crinoidea Camerata, p. 617, pi. 66, figs. 0, 7; pi. 58, fig. 8. 

The calyx of this species resembles that of C. proboscidalis except in 
the greater number of plates necessary for the support of eight arras to 
the ray, this being the normal number for the species, although a smaller 
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number is frequently present. The posl-palniars, pahnars and axillary 
distiehals rest one upon another without intervening plates, following the 
usual plan in the goinifi Cadocnmi.^, The nodes at the (‘enters oC the 
plates are not proininont, and the ('osta* an* simple, ox(*e})t on the lower 
half of the radials, where ihere are sonudiines Iwo or three' passing lo the 
basals. 

The arms are long and slemler, la])<'ring very gradually to the tii)s and 
but slightly ineiirvc'd. They are (‘vlindru'al for a (hstaiuv of about twcnity 
to thirty plates from tli<* base and then lK‘(‘om(‘ somewhat flat timed doi*KO- 
ventrally, develo})ing an obtuse angulation along the lateral margin. At 
about half their length, the arms are somewhat expanded laterally, and 
at tliis point or a little higlier, tlu.*y (h'velop a narrow trans\erso ridge 
close to file u])per margin of (‘aeh plate'. Tlu'se ridges give* the arm an 
appearanee of being sm'vaied along its lati'ral margin with I'acli jilale 
slightly inset al)o\e its ])re(le(‘essor. The arm of (\ multihradnafu^ is 
well ropri'senled by tlu* flguivs of (\ (wUilu^ y/)ino{enfa( ulus on Plate V, 
fig. 1, exeept that it is all on a smaller scale. 

HouizoN AND lo<‘amiy: Lower liurliujLdon, HurlhU'ton, Iowa. No, 54^, Mu¬ 
seum of ('omi)araflve Zoology (‘olleetlou. 

Cactocrinus coslatus \ar. spinotentaculus (TIall) 
riate V, flgs. 1, 2, 2a 

1860. A<‘tiHo<rluufi spiuotcuiauufuH ITalL Suppl. Ueol. Kept. Iowa, p. 86. 

1807. OactonUuiu* rwhitiis var. atnuotmtarulm Waehsmuth and Springer, North 
Am<M*ieau rrin<>id(‘n ('’anierata, p. 610, pi. 50, fig. 10. 

This species is closely similar to the preceding, ox(‘e[)t that it is miKih 
largi'r and the ealyx is proportionally liiglu'r. pro])orlion of height 
to width in C, ctvlntus \ar. sphtofenlavulus is about 1:1 V? (‘ompared 
with 1 in C, tuuliihrurhinfus. 

In arrangement of plates and surface ornament, the two s]>eeios are 
the same. The arms ar<' eigld to the ray and so similar lo those of Cl, 
mnltihm^hwtns that the same dnuving si'rves to n.'pmsent the (duiraeter- 
istics of both, keeping in mind (lie fa('( that the pn'senl species is moi’o 
than twice the size of C, multlhravhkfus, and the (‘orrugaiions of the 
surface, in common with other featnix's, are much (‘oarser. 

Hortzon and locality: Uiwer Hurlingtou, Tlurllngtou, Iowa. No. 552, Mu¬ 
seum of Comparative ZoOlogy eollwllon. 
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Cactocrinus limabrachiatus (Hall) 

Plate V, figs. 4, 4a, ih 

1861. Actinocrinus limahravhiatuH Hall, I)<ss<*riptl<m of Now SpcM'los of Hrinoi- 
dea, Preliminary notice, p. 2. 

1897. Gactocrinns Umahravhiatus Wachsmuth ami Springer, Ni)rth Amori<*an 
Crinoidoa Oanierata, p. 608, pi. 58, figs. 9, lOtt, 10/>. 

The arrangement oC plates in the calyx of this species is the sain(» as 
tliat already described for species having six anus to the ray. The sur¬ 
face is highly ornamented with strong nodes and carina?, which, on lht» 
larger calyces, are of two series. The carinm leading to the arms arc 
much stronger than the others. 

The arms of each ray are grouped together, suggesting the arrange¬ 
ment in Actimerinui^. although the spac*es between the rays arc still nar¬ 
row. The arms arc long and slender, cylindrical at the base, hut they 
soon become flattened dorso-ventrally. They are slightly expande<l at a 
distance of about half their length from the base and taper very gradually 
to the tips. The biserial condition is reached late in the development of 
the arm, there being from four to seven plates at the base which pass 
entirely across its diameter. At a distance of from 5 to 8 millimeters 
from the base, varying on different arms, each plate is ornamented by a 
projecting transverse ridge near its upper margin, and the surface is cov¬ 
ered by strong vertical corrugations. This type of ornament persists Iq 
the tip of the arm, while its* form changes from cylindrical at the base to 
strongly flattened above, as shown by the transverse sections, Plate V, 
figs. 4, 4a, 46. 

Horizon and locality: Lower Burlington, Burlington, Iowa. No. 528, Mu¬ 
seum of Comparative ZoOlogy collection. 

OoMPAinsoN OP THIS Prkobding TrritKK 

A comparison of Cactocrinm and (i cmlaim var. 

spinotentaculvs shows the relationship between the two to be so dose* that 
they might be considered the same sp(vies, won^ it not that in a large 
series of specimens, C. muHihrachiains shows all the characters of an 
adult individual, while it is only about half the size of 0. (ux^latui^ var. 
spinolentacuhis. The proportionally much higher calyx of the latter is 
also a distinctive feature. The arms of the two species pass through the 
same structural changes, which are interpreted as stages of development 
and are closely similar, exce]jt that in T. ccrlatm var. s^pinofeninculus, 
they are biserial nearer the base and are larger. 
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It seems reasonable to assume that 0, coelatiis var. spmoteniacnlm is a 
direct descendant from G, m uMibrachiatm, dill'erinff but little from the 
latter, its immediate ancestor. I have not seen the arms of Oaciocrinm 
vcelatm; hence comparisons are made with its variety, of whieli \voll-|)iv- 
served material is available. 

(Jaclocriniis limahrarhiatus' resembles (^. lau/1ibrarhiatus in the form 
of the calyx and in the cliaiiges in form throu^li which the arms pass. 
The ornament on the surface of the calyv and the tirms of the fonmn- 
species is similar in kind to that of the latter, but is more extreme, the 
costa? being stronger and more riumeroius and the <*orrugatious of the 
arms coarser. In this res])eci, it is more highly dillerontiated than G, 
multibrarhialus, but in the number of anus and in the late attainmenl 
of the bisorial condition it is more priiniti\e. My interpretation of these 
facts would be that both aix? descended from a common ancestor but rep¬ 
resent divergent lines of evolution, Gfwioninus limabrathiatus having 
dcveJo})cd m tlic direction of a high degree of surface ornament, while 
C, muUibrudiintus has advanced in number of arms and earlier develop¬ 
ment of biserial plates. 

llKnvrroN of O.umxnaKcrs to TKLKrooiUNirs 

Th{^ derivation of the genus Telehrdrtus from (Uwtocrium has already 
b{\'n suggested by VVachsmuth aiul Springer/ and it is interesting to note 
tliat the dovolopnient of the arms confirms the evidence derived from thfo 
calyx and the mode of branching of the arms. 

Ill Teleiorrinus uwbrosus (Hall), the typo of the genus, the arms ate 
more iinmerous and more slender than those of Gactocrinus coslatus var. 
spinotenlarulus, Tlieir slenderness is perhaps duo t<» their greater num¬ 
ber, both on aiTonnt of economy of material and the crowding due to fre¬ 
quent hranclung near ih<' base. TIu* method of bnnu*hing in Tdeiorrinm 
follows the (Uwfocrinus plan, each axillary being smxiooded by another 
without intervening plates of the same order until there are fifteen or 
sixteen arms to the ray. In form, the arms are eylindrieal at the base, or 
in aceelerated individuals somewhat flattened even at this poinU Ifiglier 
up on the arms, they become strongly flattened (lorso-vent rally and de¬ 
velop a narrow transverse ridge near th(»ir upper margins. The corruga¬ 
tions on the surfacje of tlio arms are much finer than thosi^ of (^arforrinus 
cmlatus var, spiiiotentacuhis, as might bo exp(»(tled from the more delicate 
structure of the whole arm. The arm of Teleioarimts umbromiH is figured 
on Plate V, figs. 5, 5a. A comparison of those figurr^s with those of 

• WA.cnsMtJTii nnU SpitiNonu • North American t'rinoldoa ('nmorata, p. ft27. (Cam¬ 
bridge, 1807. 
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CactocrinuH iwlatus \ar. Kpinolenia<iili(ii on the ^mno {tlaie shows the 
close similarity botwoen the arms of Iho two spocios liirouf'hout their 
entire development. 'J'pleio(rinuK uiiibrosii,s seems to ha\c lu'cii dcnelopcd 
from Carlorrinm ccvlalun \ar. Kiiiiiolfiiladilus by an incivase in Ihe si?,e 
ami thickness of the ealyx plates and a more frequent bnuiehiiifr of Ihe 
arms near their base, which produced the e\pand<'d rim of the cal 3 \ char- 
ac'k'ristic of Telcioninm. 


1 
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Fi« I. ^Rtiatiomhip of sptcuy of ("actortuws and T<((ioennuf, 


Teleiocrinm cdlhcra (Hall) is represenled in the collection of ihe Mu¬ 
seum of Comparative Zoology by only one Kjwcinicn which pM'seuwes ihe 
arms. Prom this, it appears that the numerons anus are llaiiened dorso- 
vcntrally at the base but become larger and (‘ylimlrical in form above. 
This stiggests that wo have in Teleiocrinus altlim an actual advance in 
evolution expressed in a simplification of form rather than in greaier 
complexity. 

The general relations of the species mentioned above arc expressed in 
diagrammatic form in Fig. 1. 
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CONCIilTSION 

Tlio (‘onsillcralious ]iro''iiiited hi tlio abo\c paper (‘oiibiilulo only a bc- 
f(iuiiing in a line of nupstigation whiph spcms to promise good veHulls, if 
followed out in genera wliieli lia\e highly modified arms. From the 
proximal to (he distal portion of the arm, i\e llnd a si'riea of (‘liangea in 
strueliiral features wliieh fiueeeed one another in a dutinite order. 'I’hc'se 
ehanges may be intei’iireled as stages in development, each individual re¬ 
pealing the stage,s present in its immediate ancestor and adding, in the 
distal portion, new eliaraeters of its own xmtil the number of eliaracters 
becomes too great for representation in the life history of a single organ¬ 
ism, and eeriain eharaeters, usually the earlier ones, are greatly abbre¬ 
viated or are omitted from the ontogeny of highly modified descendants. 
When thus inleipretod, the arms of ctinoids furnish evidence from whicli 
the phylogenetic relations of dilTerent specie's and genera can be inferred. 
Willi the attention once drawn to the snhjeet, it will probably bo found 
that the nuiiiher of genera which may be studied by this inetliod and the 
degree of modification existing are greater than would appear at first 
thought. 




PLATE I 

Fio. t—Oaetocrlnw$ probogeuMU (Hall). Natural size. 
Pia. 2.—0. platytrachlatm. X '% 

Wsa. A—O. iaccatvs sp. nov. Natural size. 

Pio. 4.—<7. opusculus (Hall). Natural size. 

Prom photograplia of the Mpodmens. 










PIATB II 


FtG. t—Oaotoorimg proioscidalia (Hall), dorsal view of arm plates 1 to S, 
50, 70 and 94. Below plate 1, 5 plates of tbe radial series are 
Included in the calyx. 

Hio. 2.—Outline of section of an arm of the same species at plate 50. 

Fios. 2(1,25.—Similar outlines at plates 70 and 04. 

Figs. 1 and 2, 2a, 2b, were drawn from the specimen figured on Plate 1, fig. 1. 

Fio. S.—Cactoerinu8 baccatus, new species, dorsal view of arm plates 1 to 4, 
14 to 15, 48 and 07. Below plate 1, 5 plates of the radial series 
are hududed in the calyx. 

Fiq. 4—Outline of section of an arm of the same species at plate 7. 

Fiqs. 4(1,45.—Similar outlines at plates 48 and 73. 

Non;.—The shaded fiigures on Plates II to V hare been drawn by the author 
from a single sipeclmcn of each species, and so far as possible from a single 
arm. When no one arm was sufficiently complete to show all stages, adjacent 
arms were chosen. The sections were, in some cases, drawn from a different 
specimen from that giving the dorsal view of the arm, but the plates chosen 
for sections show the same structural feature as those bearing the correspond¬ 
ing number in the dorsal view. All figures are X 6. 
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PLATH III 

Flo. l.—Cacto<ritm phtyhrachiatus, new species, dorsal view of arm plates 
1 to 4,12 to 13,26 to 27,62 to 63,84 to 85 and 89. Delow plate 1, 
6 plates of tile radial series are included in the calyx. 

Fio. 2.—Outline of section of an arm of the same specimen at plate 10. 

Flos. 2a, 2&.—Similar outlines at plates 62 and 84. 

Figs. 1 and 2, 2a, 2h, were drawn from the specimen figured on plate I, fig. 2. 

Flo. i.—CactocHim retktOatwt (Hall), dorsal view of arm plates 1 to 8, 
about 16, about 80 to 31, 41 to 45, 65 to 66, 82, 96 and 97. The 
arm figured was Imperfect at the base, and the numbers of plates 
IT) and 30 were estimated by comparison with adjacent arms. 
Below plate 1, 5 plates of the radial series are included in the 
calyx. 

Fio. 4.*~Outline of section of same arm at about plate 80. 

Fios. 4o, 4b, 4o.~>Slm!Iar outUnes at plates 65, 82, and 96. 
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PLATE IT 


Fio. t—Oactocrimu denticulatus Wachsmtith and Springer, dorsal view of 
arm plates 1 to 4,8, S4, 48, 56 to 67 and 79 to 82. 

Fio. la.—Side view of arm plates 2 and 3. The calyx contains 5 plates of the 
radial series below plate 1. 

Fie. 2.—Outline of section of an arm of the same species at plate 34. 

Fies. 2a, 2b.—Similar outlines at plates 56 and 79. 

Fm. 8.—Oaotocrinut oputcuhtt (Hall), dorsal view of arm plates 1 to 8,10, 80, 
40, 52, 75 and 102 to 105. Below plate 1, 6 plates of the radial 
series are included In the calyx. 

Fte. 4.—Outline of section of an arm of the same specimen at plate 10. 

Frm. 4a, 4b, 4c, 4d.—Similar outlines at plates 30, 52, 76 and 102. 

Figs. 3 and 4, 4a to 4<(, were drawn from the specimen figured on plate I, 

fig. 4. 






PI/ATB V 

Fig. l.—-€(wtocrinu8 coslatus yar. spinotentaculm (Hall), dorsal view of arm 
plates 1 to 2, 70 to 71,110 to 111. The calyx contains 6 plates of 
the radial series below plate 1. 

Figs. 2,2a.—Outlines of sections of arm of same specimen at plates 70 and 110. 

Fig. B.—Oactocrinu8 Umahrachiatus (Hall), dorsal view of arm plates 1 to 5, 
23 to 24, 50 to 51, 72 to 73, 98 to 99. Five plates of the radial 
scries arc included in the calyx below plate 1. 

Fig. 4*—Outline of section of arm of same spedes at plate 23. 

Figs. 4a, 4h.—Similar outlines at plates 50 and 98. 

Fig. ^.--Teleiocrims uimbrosut Hall, dorsal view of upper plates of calyx and 
arm plates 1 to 2, 12 to 13, about plates 40, 68 and 93. Below 
plate 1,10 plates of the radial series are included in the calyx. 

Figs. 6a, 6h.—Side view of plates 12,13, and 40 of the same arm. 

Fig. 6.—Outline of section of arm of the same specimen at plate 12. 

Figs. 6a, Similar outlines at plates 40 and 83. 
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OUIOINAL DeSORTPTIONT 

Camammunis was originally described by Edward D. Cope in ^‘Pale¬ 
ontological Bulletin 25/^ published August 23, 1877. The type species 
is Camarasaurus supremus, and the type ftj)ecinien consists oL* a cervical, 
three dorsal and four caudal vertebra*. Those bones were found near 
(^anyon (b*ty, Colorado, and in the same quarry a considerable number 
of bones were evenvatod, belonging to throe or more individuals. These 
bones were more or less associated ^vllh the typo and it is impossible to 
say which belongs to one individual and which io another. The vertebrae 
of the original type may not all belong to the same individual. The 
various remains are of the same general character and there need be no 
hesitation in referring them to the same genus and species. Some of 
these later bones were described in a subsequent paper in the American 
Naturalist for February, 18C ind figures of vertebra?, scapula and pubis 
wore given. All of these remains together now constitute numbers 5700, 
5760', 5761, 6761', 5761", mia. of the collections of the American Mu¬ 
seum of Natural Histoi^. 

The original description by Cope confounds to some extent the generic 
characters of Camarasaarus with the characters of the Sauropoda as a 
whole. The hollow centra, and lightly built, laminated neural arches and 
spines are possessed by all the Sauropoda, some members of the group 
possessing the lightening structures to a much greater degree than does 
Gamarasaurus, 

The general characters of Oamarasaurus, without giving detailed de¬ 
scriptions, are as follows: 

Gervicals: Ntunber probably thirteen, of moderate length, of considerable 
height, with ^ines double, without a median tuherde* 


(19) 
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Dorsals: In the restoration made by Cope the number of dorsals was placed 
at twenty. Later the series was studied at the Amerieiin Museum, and a com¬ 
posite column was made up l)y plaoinc: together vertel)r}c showing progressive 
fore-imd-aft characters. At this tlni(» the iinml>er was estimated to be four¬ 
teen, of which thirteen were actually repres(‘uted, dorsal two being absent. In 
the fall of IhlJl, opportunity was given the present writer by Professor Henry 
Fairlhdd Osborn to restudy llu^se vert<d>ra» in preparation for his monograph 
on the Saur<)j>oda. It was then found that by the eUniinatlou of (lnpH<*ate 
bones the iiumher is probably ten. 


liBLVTIONHrCIPR 

The close similarity ol* (^amara^aumH with ]\!orf)Kanru,s has lon^r been 
consirlored for placing the two genera in the same family. At 

the present lime, it ap'|)eai*s that tliis similarity is close enough to forcci 
ilio conclusion that the two animals belong to the same genus. Among th(‘ 
cliavaclers common to CcitnnraHimniH and Mow^nunis, the following may 
be mentioned: 

1, Contra of dorsals ineroasing gradually in oplsthoccelianlsm from the 
posterior to the anterior region. 

2. Principal laminie supporting the transverse proc^esses strong, with little 
development of accessory lamlnie. 

8. Spines low and broad, with only one cavity of any Importance ou their 
sides. 

4. Oaudals short, with Inferior surfaces of centra convex in ti’aiisvorse 
direction, 

R. ScapBlfp short, greatly <>xi)andecl at both proximal and distal ends. 

6. Humerus short and stout, Index of maximum length into minimum cir- 
cumfereneo about .440. 

T. Tllnn slightly twisted at the distal end. 

a Femur very stout, index about .440. Ratio of length of femur to Icmgth 
of humerus aboui .000. 

0. Motacarpiils long and slender, 

10. Sacral spines low and broad. 

11. Ischium slender, tapering (list ally. 

pu' only ohni-adc-ra in wliieli the two forrim differ aiv (hose wliieli iimy 
be taken as nuhndnal varialions (.r apeeiae charaders, sueh as sifio, nosi- 
tion of capitular rib facets ou anterior dorsals, pitaeneo or absence of a 
^dian tuboi-clc between the two spines of the anterior veriebra?, or slight 
differences in the laminar supports of the transverse processes. 

It IS concluded, therefore, that CamaroMamis and Morosmrus are 
genencally identical, and as Oamaramirm has a priority of about one 

month, the species now under Morosmrus should be referred to the 
former genus. 
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Copp/s Ebstokatiok 

A life-size rcstoraiion of CamaramuniH was tnado by Dr. .lolin A. 
Eyder under the dirodion of 1’rofc'M.or ('opc about 1878, ])aris of M‘V<'i'al 
individuals being assemblod to make a couipohile individual. 

Tbe material on wliich the rcsioraiion of tbo skull was based was very 
incomplete, only the posterior portion of the eraniuin and ihc anl(‘rior 
portion of the mandibles being represented. The restoration of the skull 
was, therefore, almost entirely hypothetical. The teeth worn restored as 
of carnivorous rather than herbivorous type, and wore placed uloiig the 
sides of the jaws instead of in the front as is now known to be the ca.se in 
the Sauropoda. The teeth extend posteriorly behind the orbit, somo of 
them even appearing to be rooted in the jugal bone. 

Tlie cervical and dorsal vertebrai arc not distinctly separated in the 
restoration, nor are the dorsal and sacral. No ribs are reprcscntcsl. 'Phe 
cervical series as restored contains ten or twelve vcrtohrie, no atlas being 
represented. The dorsal scries contains sixteen, sevonteen or nineteen 
vertebrae, according to the interpretation of vertebra' eleven and twelve as 
dorsals or cervicals, and vertebra twenty-nine as dorsal or sacral. Hixly 
oaudals are present in the restoration. According to our ]iresent knowl¬ 
edge of Gamarasaurus, the number of cervicals should be twelve or thir¬ 
teen, the number of dorsals ten, of sacrals five, while the number of cuu- 
dals is doubtful. Tn the restoration, there are too many anterior caudals 
and too few small distal ones. 

The bones of the fore-limb are too long in the restoration. Vour hypo¬ 
thetical carpal bones are represented. The phalangeal formula of the 
restoration is 4, B, 5, 5, 5. The ischium is represented as slightly e.x- 
panded at the distal end as in Broniosmrm, instead of tailoring slightly 
as it does in the type. The tibia and fibula are each about s(‘ven inches 
longer than the actual bones. Thiw tarsal bones, of which at h'asl oiu' 
is hypothetical, are represented. The phalangeal formula as reslored is 
2, 3, 3, 5, 4. 

It is interesting to observe that, at this early date, Profwsor (tope eoii- 
oluded that the Sauropoda walked upright, instead of crawling, as was 
contended a few years ago by Tomier and others, and denied by Matthew 
and Holland. 



[Annals N. Y. Acad. Sci., Vol. XXIV, pp. 23-38, PI. VI. 25 July, 1914] 
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Introduction 

llie avowal of Belosse in 1865—^*Abo\e all other eruptive rocks, ser¬ 
pentine has hitherto remained a veritable enigma P’—still pertains to all 
prevalent hy})othosoR concerning its origin. Although indeed the existence 
of a ^^se^pcntine group/’ as complex as Schweizer^s series (picrosmine, 
picrophyll, substance e, antigorite, serpentine, chivTotile and other sub¬ 
stances a, h, r, (I, f) is no longer in common acceptance, there are few 
mineralogical authorities ev(m now who are not inclined to favor at least 
the dual distinction, ‘'^serpentine” and chrysotile, with differentiation as 
allomorphsin physical and optical characteristics if not in chemical com- 
posiiion. The solution appeal's to have been long delayed by ignorance 
of (‘ertain facts: 

1). The impnntfi of fipeHinem .—The term ^^sorpentine^^ has been 
indifferently applied to all forms of the mineral, and, with the same 
freedom, to the massive rock, often designated as '^ordinary serpentine/^ 
in which the proportion of the mineral rarely exceeds 60 to 80 per cent 
and may even fall to 85 per cent, or less. In opposition to this loose 
practice, Lacroix has long ago urged the n'strietion of the term '^antigo- 
rite” to all forms of the mineral proper, and of the term ^^serpentine^^ 
exclusively to the rock occniTences. Analogy with the precision obtained 
by discrimination of ealoite from limestone, of dolomite (or miemite, ac- 

( 28 ) 
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cording i-o ^onie) Troiii magnesian liinesione, of talc from hicatitc, ci(‘, 
confirms the advantage of such distinctive use of the two lerin.s, if anfigo- 
nte as a definiio mineral shall be held lo comprise all siibsiaiu'es of the 
t oinpositioii 11,Mg ,iSio( \y 

In most ol* its spocimons, however careful their selection for apparent 
puriiy, as jmlged by iiniform texture, color and translucency, su(*li as 
^‘rioble serpentine/^ retinalite, etc., the evidences of largo intermixture 
with other substances arc readily established. As this impurity mainly 
consists of other magnesian salts, the usual method of idcntilh'ation of 
ontigorite by deduction of certain molecular ratios from the analysis is 
by far too rude and. unreliable. Only by recasting of the analysis/ witli 
I'recise reference to the ])ercentago of combined water and, if possible, 
with control by microscopic and optical examination of the very inat(M*iai 
used for the analysis, can the time constitution be detcrmiiuMl for the 
aggregate present in almost every specimen of tlio presumably piiri' min¬ 
eral. An unfortunate consequence of disregard of these pivcautions has 
been the partial vitiation of many pbysi(*al and chemical in\estigationB 
of the mineral. JPor example, it is easily determined, by recasting of the 
stated analyses, that specimens of the ‘^dark green serpentine” from 
Newburyport, Massachusetts, selected as typical in experiments for de¬ 
termination of constitutional formula,® actually contained 11 to 22 per 
cent, of deweylite, etc.; and that the foliated antigorite from Antigorio, 
Piedmont, used for determination of the form of silicic hydrate existing 
in the constitution of true antigorite,® contained 15 per cent, of prochlo- 
rite, deweylite, etc. It may be fairly suspected that this impurity of 
material may have led in part to uncertainty attending conci^ptions of 
that constitution. 

In regard to talc, its ordinary intermixture with quartz, chlorite, antig- 
oriio, tremolite, etc., is well known. 

2). The obscurity of the products of decay in lair rite ,—In past dis¬ 
cussions, the grains of antigorite and scaU^ of shining tale dolc'cted on 
weathered outcrops, though merely ancient elements residual from their 
insolubility, have been commonly mistaken for new generations. I^his 
misleading presumption has hindered recognition of the actual abundant 
derivatives from rock decay, magnesia, its hydrate, carbonates and soluble 
hydrosilicates. The resulting discordance of inferences from the numer¬ 
ous proposed genetic hypotheses for talc and antigorite, with fat'ts oven 

^ Ann. N. T. Acad. ScI., XVIII, 120-146. 1908. 

•Clabkb and Schneidbb: Am. Jonr. Scl. (3), Xli, 308. 1800. 

®S. Hillbbeand: Sitz.-ber. d. math.-naturw. Kl. d. r. Acad. d. WIss., Berlin, CXV, 
Abt. I, 097-712. 1906. 
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then known concerning the prod nets of weathering of forro-inagneaian 
niincM’als and rocks, may be briefly rcMcwecl in (*onnection with e!n‘h 
mineral. 


Tiik Gknmhis ok Tali‘ 

In regard to tale, T. S. IIuni^ in ISflO made tlie following suggestion, 
without further elaboration: 

“While steatite has been dorlvtMl from a eompouud like sei>i<»llto, tlie source 
of seii)oiitiue was to be soui?ht in another siU(*ate ri(‘her in ma!?iiesia.” 

In this, his conjecdure (*on(‘orning tale was a happy one ami was aj)- 
proved l)y Delesse in 18()l. By neither was there ever advaneed any 
explanation or proof and the fleeting suggestion dropped from view. 

Taking for exam])le a single mineral, olivine, as the source of tale, as 
in tlie peridosteatites of Maiyland and North C^aroliua, the following 
genetic equation, for direet alteration of olivine into tale, havS been pro¬ 
posed 

4(Mg, Fe), HiOi-~5(Fe, Mg)0+H,0=n,Mg,(Ri0d4 
Olivine Iron oxide and Talc 

tn agnosia 

So also the derivation of talc from trcrnolite or onstatite has been at- 
tribut(‘d to attack by carbonated w^aters, as explained by the reactions® 

CaMgjSi40i2 + HjO+CO.^=HjlvrgsSi 1O12+CaCOs 

Treniolite Talc Caleitc 

iGjj -f” TlaG "i" OO2 j -I- MgOO j 

Enstatite Talc Magnesito 

According to another authority:’' 

“Talc forms In the upper zone of metamorphism. In this respect it is like 
chlorite and stu^pentine. It is especially likely to form under conditions of 
weatliering. ... It amiears to be one of the end products of rock alteration 
in the belt of weathering,*’ 

Yet in the decay of olivine, for example, on weathered outcrops of 
dunite or other peridolite, while there can be no doubt of the removal 
of iron oxide and magnesia and of absorption of water, not a trace of 
newly formed talc has ever been distinguished among the products of 
decay. Furthermore, the above equations take no note of the free silif^a 
which has universally separated in abundance during devolopmeni of 

*Chem. and Gw)l. Essays, Boston, 200. 1875. 

« J. H. Pratt and J. V. Lnwts : N. 0. OeoL Surrey, L 1005. 

»C. H. Rmtth, Jr. : Sch. of Mines Quart., XVII, 32.1. 1806. 

^C. R. Van Hisb: Treatise on Metamorphism, TT. S, Geol. Snrv. Monogr. 351. Wash¬ 
ington, 1004. 
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talc and has become cither a prominent constituent of the resulting- 
quartz-talc aggregate, steatite, or a prominent associate in veins or seams 
in close vicinity to a talc-rock. 

Tiiio Okn^his op Antigouite 

For the purpose of this paper it will he iinnei'essary to discuss all the 
hypothefaos which have been dexised, or to consider but one iinp(n*tant 
source, olivine. A review of the literature reveals, in my opinion, pro- 
gi’essive but still imperfect recognition of the nature and (‘onditions of 
the genesis of aiitigonte, and, on the oUkm* hand, a growing consciousness 
of the insufficiency of the tentative speculations concerning its location. 
These comprise throe methods of change of olivine directly into antig- 
orite, viz: by weathering, by attack of deep-seated agencies and by com¬ 
bination of both. 

FOKMATION OF ANTIGOttlTE I)1HB(’TLY KHOM OLIVINE BY HYDRATION 

The hydration which aiitigorite represents toward olivine as the mother- 
mineral, the visible evidences of its production by attack from the out¬ 
side upon the olivine grains, the attending oxidation of feiTons iron, the 
removal of certain bases and the release of free silica are obvious results 
of the decay by weathering. What conclusion more simple and plausible 
than that antigorite has been mainly produced in such instances by direct 
hydration of olivine? 

An early writer (J. Both,® 1869), although he had distinguished vari¬ 
ous processes of weathering as simple and complex, discussed anligoriza- 
tion under the former heading, thus, 

(10 MgO-t-6 SiOj)—(4 MgOd-SiOa) + 4 HjO=:(6 MgO-|-4 H/)) 

5 inoleoules olivino 2 molecules “seipontine" 

J. J. 11. TeaP (1888) was couteui io declare: 

“Tlie alteration of olivine by surface ajceiicles—water, carbonic a<*itl and 
oxygen—gives rise to serpentines and other pscMidomorphs 

and 

“the formation of serpentine by tbo alteration and hydration of forro-iuagiie- 
Sian and magnesian silicates is proved beyond all iiuestion,*' 

with the equation: 

‘^2 (2 Mg0+Si02)-Mg04-2 HaO=(3 MgO-f 2 SiOa-|-2 HaO)»’ 

Forsterite “Serpentine*’ 

d. k. Akad. d. Wise. Berlin, 1869. 

“British Petrography, 104-106. London, 1888. 
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According to a view now in common acceptation/^ 

'‘the conception of G. 1*. Merrill, that ‘tlie formation of senM*ntino a« a rock is 
a deep-seated process,’ however, does not preclude the i?eiieration of dissemi¬ 
nated serpentine, regarded not as a rock but as a mineral species, within the 
belt of weathering. , . . The probable reaction Is as follows: 

2MgjSi0,+2ir20-fC0a=Mg,n4Si.,()j i Mgoo;’ 

Olivine Setpenttne Magnesite 

With ceHain variations in detail, the same liypothesia of direct produc¬ 
tion of antigorite by weathering has been favored by 0. 11. 0. Volger in 
1855, A. D^Aeliiardi in 1871, P. Beeke in part in 1878, J. I). Dana in 1883, 
II. Eosonbusch in 1892, T. G. Eoniiey and V. A. Raisin in 1904, G. Piolti 
and K. A. Redlicli in 1908. F. (’ornu in 1905 has even pointed out the 
passage of olivine into juitigorite only on the rainy sides of the basalt 
peaks of the Boliemian Mittelgebirgc. R. Braims^^ in particular has 
maintained a similar view, with the addition that the antigorite formed 
during weathering lias been at the same time further altered into ‘*web- 
skyito’^—1 volume of tlie fonnor into 1.61 volumes of the latter. As I 
find, by recasting of his analysis, “webakyile,” with its suj)p<)sed formula 
TfoRiSi.iOij, -|~ 6 iiq., to be merely an impure aggregate of doweyliW and 
hyalite, Brauns has thus imeoiiseiously approaeliod the fad that deweylite 
is an iinmediato and essential pnxliict of decay of olivine by weathering. 

In his study of tlie decay of a serpentine i*ock of Bohemia by weather¬ 
ing, a still closer approach to discovery of the genesis of antigoritt‘ was 
made by A. Schrauf:^® 

“In the magnesite ortgiuatlng from sen)entlne, u magnesia hydrosilicate 
forms a never-falling constituent.” 

This he separated through removal of the magnesium carbonate by 
digestion in acetic acid. On analysis of the residue froui drying at 130® 
C., he found the figures to corix's])on(l in molecular ratios to Ihoso of 
antigorite, ITiMgjjSijOj,, in predominance, though leaving 1 pin* (‘Ciit, of 
^Trce or hygroscopic waleF^! ^J'his appears to lie alnfiost the only instan(*e 
on record of claimed detection of antigorite among tlie prodinds of rock 
dec'iiy. As it happened, by that 1* per cent, aiiparontly of su])erfluous but 
actually of combined water, he missed the identifiealion of the real hydro- 
silicate present. An easy recasting of his analysis, on the basis of the 

P. W. Clarkd : The Data of Geochemistry, 675, XT. S. Geol. Surv. Bull. 401. Wash¬ 
ington, 1911. 

N. Jhrb. f. Min., Bell.-Bd. V, 318-324. 1887. 

«Zts. f. Kryst u. Min., VI, 849. 1882. 
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toinbinccl water, hliows that iiis dried residue consisted to ^)'3 per cent. oi‘ 
dewcyhte, IfuMg^Siwithout any antigorite. 

KOKMATION OF ANTIOOIilTL DIliKrriA FKOM OUVINK in TIIKltJSI\L 

ALTKUATION 

The development of nevvly formed antigorite among the prodiuds of 
weatliering was indeed long ago questioned by Kbehnen and others. T, S. 
Hunt declared its entire abaenee from the weatheml coat over the [umm- 
dotites at Montreal, Canada. G. P. Memll and T. TL Itolland also have 
held that it is never found as a weathering product of olivine, or as a 
constituent of laterile. Therefore, liypothoses have been devised at the 
other extreme, according to which the genesis of antigorite directly from 
olivine has been effected solely in a deep-seated zone of siiecial hydration 
below the belt of weathering. This may have progressed as “(*onnnoii 
liydronietamor])hisTn,” at a moderate thermal temperature and d(‘ptlu 
under the influence of moisture permeating rocks below the grouml water 
level, such waters not favoring oMdation and containing no great amount 
of carbonic acid. “Being an essentially deep-seated process, s(‘rpentini- 
zatioii should certainly not be referred to weatherings^ (W. Lindgren). 
rts evidences are found in the ♦•‘ntire absence of OKidation duriui* the 
passage of olivine into antigorite ((}. P. Merrill, 1899); in the greater 
production of magnetite than Jiematite from the iron o.xide in ferriferous 
olivine, thus pointing to the scarcity of atmospheric oxygen during the 
hydration of that mineral into antigorite (J. IT. Pratt and J. V. Lewis, 
1905). 

Other writers look to a still deeper zone of alteration to a(*(*ount for 
the high water content of antigorite, as indicating connection with oro- 
genie processes (Poscnbusch, 1901); there are evidences of ])ressure., 
particularly in alteration fi-orn augite, which has served as a mosi im¬ 
portant factor in the de\clopment of antigorite (T. (}. Boiiney, 1908); 
with the chanicteristics of a deep-seated ])rocess, due to waters or var)ors 
coming fn)m considerable do]>tlia, or even constituents of the magmas at 
the time of their intrusion, which may be (listinguislied as hydrometa- 
Tnori>hism (G. P. Merrill, 1899); an alteration which may have be(‘n the 
effect of prolonged submergence in sea-water under high pressure (T. II. 
Holland, 1899). 

The variety of peridotite “stubaehite^^ has been attributed to 

“a post-volcanic, perhaps pneumatolytle proems, following a period of pneu- 
mato-hydrogenic action,” “ 

«B. WBINRCHI3NK : N. JliH). f. Min. 1, 226. 389fi. 
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<^veii though quite free from the mineralizers, etc., eliaraclerislii of that 
process. It consists of a crystalliue aggregate of olivine and antigorite— 
the latter designated as ^^primary/^ i. e., of supposed (‘onh^inporaneoiis 
intergrowth witli the olivine. 

All the foregoing forms of the hypothesis of limitation of anligonto- 
genesivS to a deep-seated zone are, in my judgment, eontrov<‘H(‘d by in¬ 
ternal evidence, the common survival of deweylite in the chemical eom])(>- 
sition and the common association of chrysotile, each with a genetic liis- 
tory essentially connected with lateritic decay. 

Not having yet found any analyses of ^^stubachitc,” we have at least the 
evidence that it is accompanied by an abundance of chrysotile, together 
with ^‘schweizeritc,^^ a sitbstance shown by its analyses to consist of a mix¬ 
ture of massive antigorite, chrysotile and ncmalilc. ^‘Stubachite’’ there¬ 
fore appears to pertain to a peridotite (dunite) onc(‘ partly saturated 
with deweylite, brucite and sepioUte in the bolt of weathering, wliich have 
been later converted respectively into crystalline antigorite, chrysotile and 
talc, at a temperature far less than that attending pneumatolytic action. 

i)i«K(^T iiyiniATioK nv aoknchks within two hklts 

On account of the strong alliance, rightly susjiected, of the associations 
and characteristics of antigorite with the processes and prodiu'ts both of 
the belt of weathering and of a more deep-seated region, other writers 
would embrace a broader zone as the location for coiiversion of olivine 
directly into antigorite. As this has been expressed by Van IF iso d** 

‘‘Serpentine is a product of the zone of katamorphism, ineludiiif? both the 
belt of cementation and the belt of weathering.” 

In tliese hypotheses, the dual character is applied only to the lot'alions 
and the range of conditions considered requisite for completion of a single 
process fo;* derivation of antigorit<* directly from olivine. This is showji 
by the fact that, in every <‘ase, a single equation sufRces these authors to 
(explain the supposed reactions. There is a geneiul vtigucncss cotunTiung 
Ihe actual process, but no questioning of its essential unity of rea<*tion. 

For the above view, based upon the apparent simplicity of direcd addi¬ 
tion of water and oxygen to produce antigorite, the following roaedions, 
among others, have been suggested by Van Ifised® 

3 MgaFe^SiAH-4 lift + 2 0=2 H^MggSiA+ 2 FeoO,+2 8iO, 

Olivin#* “Serpentine** Magnetite Quartz 


«0p, (it., p.,m 

w Op <lt., p. 310. 
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Here, as in most equations which have been suggested in discussions 
of mineral genesis, the initial colloid condition of most products of min¬ 
eral decay has been disregarded. Besides this, the minerals assumed ap¬ 
parently as derivative within the belt of wt'atlioriiig—antigoriio, magnet¬ 
ite, hematite—arc those which have surely taken their birlli or a(xniire(l 
crystalline fonii in a lower and ihormal belt of alteration. The dilfonmci^ 
of view on the common products of olivine decay (omitting double sails) 
within the belt of weathering may be contrasted as below: 


By common hypothesis. 
Quartz, hyalite, opal. 


By ohservotm\. 

Colloid silicic hydrates; amorphous hyalite, 
chalcedony; quartz. 


Pyrolusitc 


Oenthite, garnierite. 


Colloid or amorphous manganese hydrate, 
hvdrocarl)oiiate8, carbonate and hydre- 
ailicates; pyrolusite. 

Colloid or amorphous nickel hydrates, hydro- 
carbonates and hydrosilicates (connarite). 


^Siderite, magnetite, hematite 


Oalcite, dolomite 


Brucite, magnesite, hydromagnesite. 


( Colloid ferric or ferroso-ferric hydrates, hy- 
-j drociirbonate, carbonate, hydrosilicaie, In 
( part amorphous; siderite. 

(Colloid or amorphous calcium carbonate, 
■j hydrocarbonates and hydrosiliciites; cal- 
I cite, dolomite, 

{ Amorphous magnesia; amorphous magne¬ 
sium hydrate, hydrooarbonates, carbon¬ 
ates; hrucite, hydromagnesite, magnesite. 


Antigorite, talc, deweylite, sepiolite. 


Colloid magnesium hydrosilicates (dewey- 
lite, sepiolite), in part amorphous. 


la ‘the eqaations above given to illustrate the supposed diinjct uonvor- 
sion of olivine into antigorite, the calculated volume changes vaiiod from 
+ 13 to + 37 per cent To this expansion and subsequent shrinkage, (he 
pheaomena of fracture, gliding, slickcnsiding, etc., observed in iiiiiny 
bodies of serpentine, have been attributed by G. P. Morrill and others. 


Dcajd Proobsses in Genesis of Tauj .vnd Antk.oiiitk 

The object of the present paper is to disllnguisli and defint* iiiy con¬ 
clusions (without the evidences) concerning the dual proeewes as well as 
dual regions of alteration—^ilrst, the bolt of weathering, and lah'r the 
lower region, connected with development of both talc and antigoriio 
from olivine. 

Three other minerals, hitherto treated merely as interesting accessories 
during development of talc and "serpentine”—viz., hrucite, sepiolite and 
deweylite—^now offer their claim as essential elements, in amorphous or 
colloid form, to the genesis of the two minerals in question. 'Phe key to 
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that genesis, 1 believe, lies in the relationship in each ease of a colloid 
magnesium hydrosilicate (Type 1), originating from decay of olivine or 
other ierro-magnesian mineral, during woatlicring, to a coniplomontary 
hydrosilieate (Typo II), containing more silica and magnesia and less 
than about half as mndi water, into which the formci* has been afterward 
converted in a lower region of mctamoi*phi8m. 

The four known inagnesiimi hydrosilieates may bo thus arranged to 
show this relationship of the two types: 






Percentag 

0 

Type. 

Derivation. 

Product. 

FormnlA. 

composition 
(disregarding n uq.). 





BiOi 

MgO 

H,0 

1, 

From decay of 

Sepiolite 

n<MKjSijO,o+naq .. 

60.80 

27.10 

12.10 


olivine. 

(colloid). 




II. 

From alteration of 

Talc. 

IljMgtSiA, . 

62.00 

33.10 

4 90 


sepiolite. 





I. 

From decay of 

Deweylite 

U,jMg,KijO,e 1 aq . 

40.20 

35.70 

24.10 


olivine. 

(colloid). 




11 . 

From alteration of 

Antigorite.. 

. 

43.50 

43.52 

12.98 


deweylite 





The processes involved in the development of these four minerals in 
nature may be represented in part by the following equations, confining 
our attention to the single mother-miueiul, olivine, out of the twenty- 
three known to pass into sepiolite and deweylite. 

For talc: 

4 MgFeSi 04+8 HjO + S 0-|-n aq.=s(Il 4 MgaSi 30 ,o+« aq.) 

Olivine Colloid ^epiolito 

+ 2{H,MgO,4-« aq.)4-(H,FeA+«aq-) + (Hsf!i()s+« aq.) 

Amonihous magnesium hydrate Colloid ferric hydxate Colloid fliliclc hydrate 

Essential volume change (disregarding n aq.) = + per cent. 
Then in a lower' region: 

3 (lUMg,Si,0„+n aq ) + A=s2 H,Mg,Si,0,.+SiO, f 4 ll,0+» aq. 

Colloifl Mopiolite Ueat Talc QuarU 

Tu massive form the normal rock aggregate, steatite, has thus become 
developed, a mixture of talc and quartz. 

Essentia] volume change^® = — 32.96 per cent. 

For antigorite: 

8 MgFeSi 04 + 23 Hj0 + 4 0+« aq."=(n„Mf?4Ri,0,e+’^ aq-)+4( HjMgOg + « aq.) 

OOvJtie Colloid deweylite Magnesium hydrate 

4-2(H8Fe4O0-4-w aq.)-|-5 (ITjSiOj + w aq.) 

Colloid ferric hydrate Colloid silicic hydrate 


“ Without regard to n aq. 
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Essential volume change^** = + ^^0.31 j)er cent. 

It will be noted that incipient devclopnient of both sopiolite and 
hle from mineral decay has been attended by sepamtioii of a certain 
amount of magnesium hydrate. This was not unilerslood, except by I?otli 
and Teal, or included in the formulas previously given; it may serve as a 
h^st of the traili of the reaction here set fortlu 

Later, with subjeidion of deweylite to the thermal conditioius in a 
lower metamorphic belt, the complementary process of alteratiim has 
taken place: 

3 (IliaMgtSijOit-l aq.) + A=.4 H^MgiHiA+WiOa-f 10 lljO+naq. 

Colloid di'weylito Heat Aiitigoiite (<)4.b Hyalite 

per cent.) or qiitii U. 

Essential volume cliange^^ = — 33.79 per cent. 

Keferenee has already been made to commonly accepted views concern¬ 
ing dynamic elTects upon bodies of serpentine by the changes of volume 
in progress during passage of minerals into talc and antigorito. It is now 
apparent that admission into the equations of the hydrated colloids of 
sepiolite, deweylite, etc., actually found in nature, would involve an early 
hypothetical expansion far greater than hitherto estimated. On the 
other hand, the later physical changes which have ]>recode(l the birth of 
talc and of antigoiite have generally culminated in notable contraction 
of the rock mass. We have to do here, however, with more than chemical 
reactions. The attendant physical processes of solution, leadiing, trans¬ 
port and migi*ation of soluble constituents, and their later alteration in 
a deeper thermal zone, have resulted in a complex fissuring, and often in 
an amount of contraction which has decidedly offset tlie expansion from 
early chemical changes. The observed evidences of internal disniptioTi 
and movement in bodies of serpentine may be therefore everywhere ex¬ 
plained, I judge, by succosaivi* throes of expansion and eoidraciion—c. 
atHtaten Island and New Rochelle, New York; Monlville and Hoboken, 
Now Jersey, and Thotford, (^anada—and also by loeal hirains and faults 
produced by orogonic disturbances. 

For precise definition of processes above considered, I (hink W(‘ need 
differentiation of the following terms: 

De(aij of rocks, to express the resnli of o})oralions within the bidt of 
weathering, disintegration, oxidation and extreme hydration. Among 
the more important products are the colloid magnesium hydrosilicates of 
the first type (colloid deweylite, sepiolite), magnesium oxide, hydrate 
and giobertite, besides various forms of ferrous and ferric hydrates, hy¬ 
drocarbonates, etc. 


without regard to n aq. 
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Alieralion, to express the interchanges and eoiiscqneni new formations, 
with groat loss of water, which take their birth in a more deeply seaii'd 
region. The common products are the magnesium hydroailicates ('f llio 
b«*oij(l iype (talc, anligorite), hardened deweylite, forms of linionile, 
gdthito, turgite, hematite, etc. 

Deiominmlion {Zerscizinuj of Kotli), to expreSwS the molecular disso- 
eintioii, still more complex iTiterohanges, and still greater to c'ornpleto 
dehydration, which have ensued within the zone of anamorphism. Ex¬ 
amples of these products are periclasc, spathic magnesite, dolomite, 
siderite, breunerite, regenerated olivine (boltonite, forsterite), specular 
iron, magnetite, etc. 

In regard to the term “hydrometamorphismwhether in the sense of 
Lindgren, referring to the action of meteoric or vadoae waters, or in that 
of 6. P. Merrill, referring to the action of waters from deep-seated 
sources or from magmas, I find no application for it below tlio belt of 
weathering. There only has originated the highest hydration; below it, 
every cbange has bwn attended by progressive loss of water. 

fliWKSTS OF CnUYSOTILK .\N1) PRTrNALTTn 

In IMate \T, a well-known laminated variety of asbestos-niek from 
'Flietford, Canada, is presented. Tfere lie the leaves, silver and green, in 
long succession, of the book of the history of asbestos, wailing for intei- 
pretation of the mystery of its origin. 

If “serpentine ” as long believed, is a colloid, incapable of CTystalliza- 
lion, is this fibrous chrysotilo but an alteration product from asbestiforjo 
ampbibole or bronzito? Or are these fibers only “serpentine” wires, pro¬ 
truded through pores in the vein walls, like those of metal in the arts? 
Or, along fault planes, has the serpentine been rolled out and sheared 
into these silky threads? Or, if there be a eT}’’Btallinc paramorph of 
amorphous “serpentine,"' is this its fibrous deposit from latenil infiltra¬ 
tions into ro(‘k fissures? Fa it possible tliat these have been generated 
by diamagnetic sec'retion along tlio vein walls, ex[)elling into the median 
fissure of the vein the feebly magnetic briiciic, poor in iron, and th<' 
diamagnetic calcite? Or ai*e the fibers in fact capillary or a(*icular crys¬ 
tals either of “serjicntincr itself or of its paramorph, thrust finm one 
wall to the other, or grown simultaneously inward from ea<*li wall? 

It is doubtful whether any one of th(^e conjectures has proved satis¬ 
factory even to its author. 

Toward solution of this paif of Delesse^s enigma, in my turn, it re¬ 
mains to sketch some of the migrations and transformations of the 
magnesian derivatives from rock decay, as they oozed downward from 
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laterite into fissures and occupied them as vlm'ii dopositn. Magiiosiuin 
hydrate, the most soluble and mobile, was tlie oarliohi to Tonu a coating 
on oacdi wall, sometimes filling up the entiiv fissure. So originatcMl the 
veinleis of brucitc, crystalline at iloboken. New Jersey, and (‘rysiallized 
iit Uopansuo, Ph'nland, and Texas, Pennsylvania. 

The next stage in iho pnK‘es8 has been (‘onnected with the ienderuy of 
briicito, wlien subjended to i’(K*k-hlrains, to molemdar rearrangement in 
direction of the pi-cssure. its grains beeome shot through with parallel 
lines, witlioui regard to the cleavage, and at last transformed into aggre¬ 
gates of fine fibers. Thus brucitt' has frequently j)assed into its fibrous 
allomorph, ncmalito, with fibration normal to the vein walls, well shown 
at Hoboken and Montville, New Jersey, Xettes in the Vosges, etc. From 
solution in carbonated watei-s, veins of the less soluble (*arl)onates, hydn>- 
inagnosite, magnesite, etc., have been also produced, or from the action 
of such watem on brucite already deposited, as at Hoboken, many Im^aliiii^s 
in California, etc.; or where nemalite has occurred, coating each wall of 
a vein, the interspace remains sometimes filled up with laminated bnu*ite, 
as at Hoboken, or with magnesite, as at Montville. 

Next, by passage of siliceous waters, crystalline I)nicito has boon con¬ 
verted into its antigorite-pseudomorph, marmolilo (as shown by Volgor 
and other's) at Hoboken and elsewhere, and its crystals into ‘Hhermophyl- 
lite^^ at Hopansuo. In the marmolite of Hoboken, pearly flakes of un¬ 
altered brucite can be sometimes plainly distinguished. This again im¬ 
plies the intervention of deweylite, and there is abundant evidence of in 
generation by the following process—reaction of free magnesium oxid(s 
hydi’ate or carbonate, or of dolomite, with percolating solutioTis of silicic 
hydrate or of alkaline silicates. Of the resulting o(juatioTi8 it will suflic^^ 
here to offer the following: 

4H2MgOa+3 (HaRiOa-l-nuq aq.) fll^O 

Maffnoslum Sihoic hy<{ratc Colloid dewoylito 

hydtate 

Volume ehaiifjo (disregardiiii? n aq.) = — .‘i.TS per (*(‘iii. 

Deweylite of Ups origin, aubjectetl to thoniial eondilioiiH, jjaHSt'd into 
antigorite by the reaction already explained. 

Where silieifieation of nemalite took jjlaec, it was converted into dewt'y- 
lite with pseudoinorphous fibration, and this, by later thermal action, 
into its antigorite-paeudormorph, chrysoiile. Tlio passage of nemalite 
into chiysotile, supposedly direct, was detected by 0. H. 0. Volger*'* in 
specimens from HoWken in his cabinet, but the intervention of deweylite 
was not suspected. 

Bntwlcklunaf der Mlnerallen der Talk-OUminf^r Pamllle, ZCiflcU, 264-270. 1866. 
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^rho office of cleweylite has not ever been recognized, doubileas in part 
on Hccoimt of the difficulty of detection of a colloidal amoiidums sub- 
fttanoe, and in part of its general alteration into antigorite. Kviilencc 
of the latter change is revealed by the frequent partial survival of dewey- 
liie grains in inierinixiuie, and also by the very chemical composition of 
many specimens of aniigonte. 

For example, T. S. Hunt made among others tlie following analysis^^ 
of clirysotilc 

“from a narrow vein travorslnju; tlie Eozo(»n vock of I^etlte Nation seignory, 
Quebec; silica, 4;i.6r); majmesia, 41.07; j^rotoxyd of iron, 1.40; water, 10.48; 
100.16.” 

He commented thus, with buqirise, on his rcbults: 

“these sernentines fix^m the Laurentian limestones are reniarkjible for their 
freedom from iron oxide, for tlieir large amount of water, and their low Ki>eelfic 
gravity.” ^ 

Tliese anomalies are (‘xplained by the results of my recasting of liis 
analysis; antigorite, 05,13; deweylile, 1.63; hj^alite, 0.40. In develop- 
nitMit of tli(‘ pboiidomorplis, marmolite from briicite and clirysotile-ask*s- 
tob from Jiemalile, a steady [U’ogression in contraction is shown, to about 
one-third of the volume, witiiout disturbance by expansion, from the 
original magnesium hydrate to the final product, antigorite. This seems 
to be correlated with the perfect preservation of all structural details, 
even to the most delicate features of nemalite. 

This genetic history of ohrysotile, if accepted, enables us to use its 
occurrence as a test of conditions which have always prevailed during 
gtdiesis of antigorite from decay. Its general association with the other 
forms of that mineral, even at tlie ‘^stubachito^^ locality, establishes iden¬ 
tity of origin Uinmgli the dual iiroeesses already explained. 

dolloid dewoylite, the magnesian com{)aiuon of brucile in migration 
from laterit(s has likewise been concentrated in sim])lo veins, as at Texas, 
Pennsylvania, Bare Hills, Maryland, eti*. Where a portion of l]ii‘ dewey- 
lite has escaped the subsequent alteration, its intermixture lias produci'd 
the waxy, translucent variety of antigorite, I'etinalite, common at many 
localities. Its analyses invariably reveal an unusually high pen^uilago 
of combined water, due entirely, as sliown by the recasting, to the pres¬ 
ence of several per cent, of unaltered dewcylite. Moreover, specimens are 
not uncommonly sprinkled with visible grains of that mineral. 

”Rpt. Prog. Qeol. Surv. Can., 205. Ottawa, 1800. 

”Am. Jour. Set. (2), XXVI, 08. 1804. 



36 


AJ^^NALS NI^JW YORK ACADKUY OR HOU^}^rN{!^ 


OOKPOSITK VkjNS 

Wliilo tho heparai(‘ deposition of both i!iai»iHvsiiini liydniio and <m)1Ioi(I 
tlowoyliU' has IVoqiiontly iak(‘n ])hu*e, as d4‘sonlHMl, m siinplo \oiiis of oa<*h 
iriinoial, iioNortludoss iludr normal and |)i‘oi)al)ly mon‘ loinmon mode of 
(*oii\oyaiio(^ from lal(‘riio downwanl has IxMm in iiiiorniixlun'. (^)nl- 
]>osito veins have ivsultod by separation of sii(‘(‘es^i\(* deposils of eai*li 
from this mi-\tiire, and not, as mi^ht lirsi hi' jiidi>e<l, by a soru's ol di'- 
pofiits upon eaeh wall, now of one mineral, now of llie other, ui alieriial ion. 

A simple form has consistod of a vein with wall coatings of brncite 
or noinalito, with a middle shoot of dowcylito. By silieitieation, the wall 
coatings have passed inio fibrous dowoylite, and tliis, by later alteration, 
into chrysotilo-a&bestos, with a sheet of inassi\e antigoritc^ or rotinalite 
intervening, as at Porti-liostor, New York, etc. 

The reverse order of arrangement has been also observed, with sheets 
of niaKsi\e antigorito or rotinalite {L c., originally deweylito) coating the 
walls, and a central sheet of brncite, nenialit<‘ and sometimes calcite, as 
in the Vosges; or with a (‘ontral sheet of nomalito, in part ehiysotilc, as 
at Hoboken. 

A proof of the above suggested intermixture of tho two magnesian 
components is yielded from study of analyses of rotinalite. A specimen 
^^associated with eozoon’^ at Calumet, Quebec, gave T. R. Hunt tlio follow¬ 
ing results: silica, 41,20; magnesia, 43.52; ferrous oxide, 0.80; water, 
15.40; 100.92. My recasting of this reveals the following constitution: 
antigorite, 8«3.90; deweylite, 11.76; brncite, 5.24. That is to say, a nota¬ 
ble portion of each of the original magnesian components has es(*aped 
alteration and remains intermixed with the antigorite. 

An infcort'sting example of such intennixture has been observed in a 
symmetrical asbestos vein, two inches in width, in dark green serpentine 
'Containing particles of chromite, on lot 13, Bangc V, TliHford, near Rob¬ 
ert,son station, Canadad*^ The first deposit on each wall has been a thin 
layer of da7‘k blue antigorite (originally deweylito) "“with grains of 
chromic iron”; then a layer of chrysotile (originally hriuMie), with libra- 
tion normal to tho wall; then a thin layer of pale-green retinalite (orig¬ 
inally deweylito); and a central vsheet, about i.: inch thick, of dark blue 
antigorite (originally deweylito mixed with magnesium hydrate)i along 
the middle of which run minute seamy partings of chrysotile (originally 
brucite) parallel to the plane of the vein. 

A succession of four passage solutions of magnesia is here indicated: 
■first, the colloid hydrosilicate; then the hydrate; then again the hydro- 

^ W. OtBKBL: Asbestos, p. 28, Fig. 6. Ottawa. 1905. 
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silicate; and then the main solution, or mixture of the two (‘()ni])c>nentH. 
During consoliclatiou and contraction of the last deposit, disassociation 
of the hydrate took place by diffusion into tlie shrinkage crevices near fho 
middle of the \ein. In fact, however, the se])aratGd deposits here found 
on the walls are probably, like those next to bo dosoribed, derivatives from 
mixed solntions, by disassociation higher up the vein. 

The most complex variety of composite veins is that represented in tlic 
illustration (Plate VI) and ordinarily found in proximity to laterite 
rich in magnesian silicates. It consists of a lamollation, in abundant 
repetition, oE thin alternating sheets of chrysoiile and retinalite, the 
thickest near the vein-wall and thinning outwardly; the first very tliick 
layer of retinalite on the vein-wall is absent, having been broken from 
the specimen. In structure and development the variety is essentially 
identical with the lamellation of anligorite (^^eozoon”) in dolomitic lime¬ 
stone at Clrcn\il]e, Canada, and other localities, although there the ma¬ 
terial of altenialion with rolinalite is calcite in place of ehrysotilo. In 
each case, T liave concluded, a rhythmical process of unilateral vein depo¬ 
sition from lateriie aoluiions has originally taken place—every pair of 
lanielhe comprising a film of colloid, magnesium liydrosilieate, with one 
of crystalloid, magnesium hydrate here and calcite in the Canadian oc¬ 
currence, sei)aratod from the colloid by dialysis. 

The rhythm of deposition has apparently been due to limitation of the 
flow into the vein fissxiro of the mixed solution of the two magnesian salts 
in meteoric waters to a certain period of accumulation, perhaps the rainy 
season of the year. After spreading upon the surface of the wall, dis- 
asaociation began, the colloid being left clinging as a new coat upon the 
wall, while from its outer boundary—^perhaps tiirough a dried film serv¬ 
ing as a septum—the crystalloid magnesium liydrate became diffused 
more or loss eompletcly by dialysis and so fonned the companion coat of 
each pair of alternations. The amorphous magiiosium hydrate readily 
crystallized into bnicite, and this, by subsequei 4 t pressure—perhaps by 
rock strains, through expansion in neighboring portions of the mass— 
was converted into its fibrous variety, nemalite. Other fissures have been 
opened by contraction of the rock more or less transversely to this lamella¬ 
tion, but these have been generally filled with magnesium hydrate, amor¬ 
phous and crystalline, as simple veins, changed in turn into nemalite by 
rock strains. 

By later silicification or alteration under thermal conditions, all these 
lamellae and transverse veins have become altered—nemalite into chryso- 
tile-asbestos and deweylite into massive anligorite, in part retinalite. 
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(WCMISIONS 

In review, ihen, inapneRia, in hvdraied or carbonaied oondilion, and 
(lewcylite and sepioliio, in colloid fonn, liavt' always been lh<' only ina^f- 
nosian derivatives from latoriie, with tondeney to early iniffralion and 
iranspori, in viriuo of their solubility. 

Antigorite and tale, on the other hand, erystalliiie and ne\('r colloid, 
have merely served as insoluble fixatives to harden and record the trans¬ 
formations of their mobile and protean prcdecossors. Ohn'soiile is but a 
pseudo-fibrous variety of antigorite—in fact, a pseudomorph in antigorite 
after a pseudomorph in deweylite after nenialite, the fibrous fonn of 
brucite. 

To the list of rock-making minerals, brucite, deweylite and sepiolite 
need to be added as important accessories. 

The evidences in confirmation of those views from field obsevvaiions, 
optical examinations, etc., together with a review of the liteinture of 
brucite, serpentine, antigorite, and the hydrous magnesian minerals, have 
been gathered for presentation in a separate monograph. 

BkUARTMBNT 0? GeOI/OOY, 

OoLiTMBu University. 
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Intboduotion 

Considering the series of annual means of temperature, of given local¬ 
ities, we notice everywhere more or leas important fluctuations. The 
curves expressing graphically the succession of figures show perfectly 
well pronounced variations at certain localities differing completely from 
other variations of other localities. Some curves go down while others 
go up, and the length of time separating the maxima varies from one 
curve to the other. 

It is impossible, therefore, to discuss the quchtion of climatic variations 
with only the data of a aelo<*ted number of stations. All available data 
have to be taken into consideration, and the problem has to be studied 
geographically. The problem of the variations of tcvrt>8ti*ia1 temperature 
is, indeed, absolutely similar to the problem of the mean elevation of the 
surface of the earth crust. The precision gained in the appreciation of 
the mean elevation of a continent depends on the precision of the utilized 
hypsometrical maps. The precision of an estimate of the mean depth of 
an ocean depends on the accuracy of the bathymetrical map, on the num¬ 
ber of soundings. Since, in the case of temperature, we have also to deal 


» Manuscript recelv*^ by tbe IMItor, 4 March, 1014. 
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with depressionb below the average and elevations abo\o, the knowledge 
of the exient oi* the areas covered by positive and negaiive cleparliir<‘s n 
evidently Jiiore necessary for ilic disciissioii than the ligures Tor some 
isolated stations, where tlie leniperainre eonditions may or may noi cor- 
res])on<l to the average conditions of the surrounding eouniries. 

The work doiu' for a previous publi(*alion was th(‘ mapping of all the 
temperature data I could obtain tor the years lSi)l to 11)00. 

(V)nsidering the means of the decade, 1891-11)00, as being ipiasi- 
iiorinal values, I have formed for each year and eaidi station lh(‘ depar¬ 
tures from these means. These annual departures have been inscribed 
on maps, and eqiddcpai'ture lines have been drawn. The areas of positi\e 
departures have been called Lhonnoploions, the areas of negative de])ar- 
tures, thornnomeions or antipleions. The result of the discussion is that 
the year 1900 was a year of predominant Lhermopleioiis, the year 189Jh 
on the contrary, a year of most predominant antipleions. Taking Uk' 
probablo areas into consideration, as well as the probable ex(*ess and 
deficiency of iomporature, T found that the difference in temperature 
between those two years must have been at least 0°.5 T. 

This was the main result of my memoir ^T/enchatnement des varia¬ 
tions climatiqiics,^^ 2 published in 1909. This practical demonstration 
of the fact that the temperature of the earth’s aimospherc' does noi remain 
constant leaves a very important question open for discussion. 

The annual departure maps of successive years showed in many eases 
some striking similarities in the mutual relationship of ploions and anti¬ 
pleions. T presnmed, therefore, that pleions might persist from year to 
year and that they displaced themselves. Tn my further ri‘searchcs, I 
found it necessary to simplify the reasoning by adopting a way of ct- 
pressing graphically the change of a given annual mean into that of 
the following year. To avoid the more or less I’egiilai* annual variation, 
wo have to take yearly means, but it makes no didVreiu'e liow wt' count 
the year, as long as wo <*omparc means of VI (*ons(‘(*uiiv<‘ months. By 
making consecutive yearly moans for the one-year periods hi^ginning witli 
January, February, IVIareh and so on, and by comparing the curves ex¬ 
pressing the succession of the figures, wo can see how a negativi* departure 
of a given year passes progressively to a positive (l(*par(un^ of anothi^r 
year, 

I have published such consecutive temperature curves for the entire 
series of observations recorded in Batavia® and New York,^ and portions 

*Hbnetk Arctowski: L'enchatnement des variations cllmaUques, BruxoIIos, lOOO. 

• Op, cit,t p. 32. 

* Henryk Arctowski : On Some Climatic Changes Recorded In Now York City. Am. 
Geog. Soc. Bun., Vol. 45, p. 117. 
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of tlie curves for many other places are reproduced in this memoir. ^IVo 
facts of some impoi'tauco are clearly demonstrated by all these curves: 

1) Although tliere are some most intorestim; agreements witli the curve 
expressing the sun spot cycle, this cycle cannot he considered as ])eing the 
main factor producing the pleionlan variations, simply heenuse the i)leioiiian 
crests and depressions of the temi)ei*aturo curves repeat themselves thriv to 
four times more often than the maxima and minima of the solar (*urvt^ 

2) The temperature curves for distant stations, belonging to a])solu(ely 
different climates, present in certain cases such striking coiiu*ldeuces that it 
is impossible to ascribe thc^m to simple chance circumstances. 1 may ad<l that 
the consecutive curves of rainfall, of sunshine records and of atmospheric 
pressure display also pleionlan variations and demonstrate the fact that wo 
have to deal with more or loss periodical alterations of the atmospheric circu¬ 
lation. 

In order lo make coiiipansons, a standard ('line was iu‘(iNsar\. The 
records of tlic e.\c<‘pti<)nally imdisturhed climate of Arequipa, in I\wu, 
ga^e this necessary standard. 

Tho consecutive temperature ciinc of Arequipa, for lh(‘ \ears IbOO- 
1910, shows four characteristic crests and four d(‘pressioiN. The ('ur\o 
of Bulawayo, in Rhodesia, is absolutely similar to the Areiiuipa (*ur\e. 
The same may be said about the curve obtaiiUMl from the Mauritius 
obscnatoiy figures, and for Tananarive, Madagascar. Ibitavia, Java, dis¬ 
plays also an indisputable resemblance with the Arequipa curve. North 
of the equator, Havana gives a sinular curve, but the data of San Juan, 
Porto Kico, give a slightly retarded curve, and tin's is a most interesting 
fact. Indeed, the plcionian crests of Porto Rico could not be retarded if 
these temperature anomalies did not have a tendemw to persist c'ombinod 
with a tendency of displacement. 

The question, thoreCoro, was whether all phdoniau variations observed 
all over the world were not in immediate (‘orrelation with tin* Arequipa 
variation. Together with this question, it was nectssary to solve the 
problem of the (lisplacoinont of pleions. 

LoisrG-RVNGio Variations ok TimeKUATUun 

The waves expressing the changes of tcmi>orature are of different 
amplitude and different length, Tf wc lake montlily moans of tempera¬ 
ture, we do not take into consideration the groups of cold and hot waves 
which characterize the changes of weather, and wc eliminate also the 
short diurnal waves of the more or less regular daily variation. Tf we 

• Hbnbtk Abctowski : The “Solar Constant" and the Variations of Atmospheric Tem¬ 
perature at Arequipa and Some Other Stations. Am. Geog. Soc. Bull., Vol. 44, p. 608. 
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take yearly means, the groups of exceptionally cold or cxcopiioiially hot 
months are also eliminated, at least to a ceitain extent. Tii fact, in a 
yearly mean, of a normal value, the efleei of a couple of abnormally cold 
months may be balanced by a couple of very hot months, so that the 
yearly moan of temperature' may remain normal. 

The advantage of consecutive twelve monthly means** over the calcuidar 
yearly means is tl)ai we can detect the effect of some of the shorter waves 
on a yearly mean, giving ns at the same time the possibility of locating 
seasonal anomalies. Likewise, if we take the consecutive means of groups 
of yearly means we will disclose, easier than in any other way, the suc*- 
cossions of colder and warmer periods during various lengths of time. 

Admitting, for the pleionian variations, a period of from two to five 
years as the unit of time, we will say that shorter climatic variations are 
bracliyclirone and those that are very much longer than these pleionian 
variations are macrochone. Besides the ordinary plcions and antipleions 
or thermomeions, therefore, we will have to speak of Irachypleions and 
macropJeiom, of bmehymeionfi and macromeionH. 

The curves of the following diagram (Fig. 1) may serve to explain 
more clearly the difference between macropleionian, pleionian and brachy- 
pleionian waves. 

The first curve shows the succession of consecutive annual means for 
Arequipa. A, B, C, D, are pleionian crests, preceded and followed by 
antipleionian depressions. With the exception of the second depression, 
which may have been accentuated by the presence of great quantities of 
volcanic dust in the higher layers of onr atmosphere,^ the depressions, as 
well as the crests, show a striking tendency to decrease from 1901 to 1909. 

think that the expression “consecutive means” Is just as comprehensible as the 
expression “overlapping means,” “progresbive means” or “moving averages.” 

WiLLFORD I, Kino, in his “Elements of Statistics” (New York, 1012, p. 1(U»), uses 
exclusively the term “moving average.” 

As far hack as 1841 Lukh Howard, “On a cycle of eighteen years . . (Philos. 
Trans. Eoyal Soc. of London for 1841, p. 277), utilized conseentive menns ami called 
them “averages on successive cycles,” 

n. n. Clayton, In his paper “A lately dlseovero<l meteorological cycle” (Am. Meteor. 
Joiim., Vol. 1. p. 130, 1884), used the perfectly comprehensive expression “means of 
every twelve consecutive monthly means.” 

^Many papers have been published recently, concerning the (piestlon of Ihc Inllnimw 
on meteorological conditions of volcanic dust, present In the higher layers of our atmos¬ 
phere. Some Information upon the effect of this cause on the observed variations of the 
“solar constant” may be found in the following papers: 

r. G. Abbot: “Do volcanic explosloub affect our climate?” (Nat. ({wgr. Mag., Vol. 
24, p. 181. 1913.) C. G. Abbot: “The solar constant of radiation.” (Trans. Tnter- 
nat. Union for co-op. In solar research, Vol. ,3, p. 201. 1911.) <\ G. Abbot, F. E. 

FowLB and L. P. Aldrich; “The variation of the sun.” (Astronomlsche Nachrlchten. 
Vol. 194, p. 431. 1013.) 

C. G, Abbot and F. B. Fowlb; “Volcanoes and climate.” (Smithsonian MIscellaneouB 
Collections, Vol. CO, No. 29. 1913.) 
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The punctuated lines show this variation, which is absolutely distinct 
from the pleionian variation and may have a period of 18, 19 or any 
other number of years. The length of time makes no (hfferenoe, the only 
important fact being that such a long mngc or macrochronic variation 
exists. By eliminating the cffec't of the pleionian ^ariation, we obtain 
macropleionian crests and ma<*ronieionian d(»pressions, but it is evident 
that for that purpose a long aeries of meteorological rcconls is necessary. 



Fio. 1 .— Diayrama of consecutive a7}fiual ami vonsecutUe monthly means of temperature 

at irequlpa 


On the other hand, the second curve of the diagram shows the succes¬ 
sion of consecutive monthly means for the years 190() and 1907 and dis¬ 
plays braehypleions. In the case of Arequipa, the bra(*hypleionian emsts 
have a mean period of about 65 days. 

If we were absolutely certain that the pleionian variations of the equa¬ 
torial regions were due to changes of the energy radiated by the sun, it 

UnRBLET H. Kimball : “Solar radfaMon, atmospheric alworptlon, and sky polarlssatioa, 
at Washingtoa, D. C.“ (Bull. Mount Weather Observatory, Vol. ft, p, 00. loao.) 

-: “The effect upon atmospheric transparency of the eruption of Katmal Vol¬ 
cano.” (Month. Weather Review, Vol. 41, p. 153. 1913.) 

-: “A return to normal atmospheric transparency.” (Journ. Washington Acad. 

Sciences, Vol. 4, p. 17. 1914.) 

W. J. Humphbbys: “Volcanic dust and other factors In the production of climatic 
changes, and their possible relation to ice ages.” (Bull. Mount Weather Observatory, 
Vol. 6, p. 1. 1913.) 
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would be reasonable to restricd ihe use of tlic word aniipleion io the 
inoious due to purely (lyjiamieal causes and oeeurring during llic^ ploio- 
luan years of ihe equalorial regions, hi the present state* eif our kne)wl- 
edge of these \ariatie)ns, he)we\er, it is a(l\antage‘OUs not te) make a elis- 
tiuetiem be‘tweeu the elireed and the meelianie'ally pre)\e)ke*(l ple‘i()ns and 
meions. 

The graphic represent a tiein on inajis of the positi\e anel negatise aivas 
of long-range variations of temperature gives tlie position anel e‘.\ient of 
the maeropleious and macroineions. hi eonnectiem with the stuely eif 
these maps, expressing lemg-range variations, the following ^irohlems ha\e 
to be taken into consideration : 

1) The existence of periods of a i;iven number of years, as IS, 10, or 
some other number, havini? been admitted, it is necessary to verify to what 
extent the variations of arbitrary selected stations may (*baraeterize lonuj-raiijufc 
variations for a given country or, let us say, tin* (|uestiou is to know wbeth<*r 
niaeromeions and macroiileions apiiear and disappear periodically. 

2) Having admitted a presumably universal long-range variation, of about 
thirty-five years duration, Iirii<*kner has called exceptional regions (Ausnah- 
megebiete) some continental areas wh(*re the departures of lustra-means were 
opposite to the admitted variation. If such is the case, we should observe 
maeromelons on these areas corrosimnding in time and location to macroplelons 
of the universal variation. The (luestioii is whether the maps justify such a 
hypothesis. 

.3) Different authors, Blanford, Kremsei% Lockyer, TIildebrandsson, Meinar- 
duR and Mossman among others, have noticed perfectly characteristic seesaw 
variations between given localities. In most of these investigations, only 
seasonal variations have been studied. Supposing, however, that th(*re is no 
regular periodicity in the variations of long duration, we may ask whether 
there are eorrespoiidiug areas of simultaneous oocurreiu*e of the ma<Tochnmie 
plolous and melons. 

Satisfactory solutions of tliosc three problems would a(l\an(*e \(‘ry 
greatly our knowledge of the climatic* changes. 1 even think ihat a s<*it*n- 
tific understanding of these changes would elucidate, to a gr(‘al e\t(‘ni, 
some of the difficmlties encountered in the study of those very ii[Ui<*li 
important climatieal variations which occurred in prehistoric* tiin<‘s and 
which arc studied from the point of view of goologi(>al r(‘cords,^ and also 
such historical variations as those which, recently, have b(»<‘n most siu*- 
cessfully studied by Ellsworth Huntington. 

Unfortunately, the main difficulty lies in the lack of precision in our 
meteorological records. In order to discuss the long-range variations of 

«I)le Verfindenmgen des KlimaR selt dm Maximum dop Iptzton Klszeit. XI Intern. 
Geologen Kongress. Stockholm, 1910. 
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temperature in the United States, I took the tables of Prank H. l^igclow^ 
and, to my great astonishment, found that for boinc stations llic depar¬ 
tures of the annual means from the normal values are misleading. 

The yearlj' mean temperatures of Chicago and Milwaukee, lor exam¬ 
ple, illuslrate my assertion. On Bigelow’s tables the means of the first 
decade of years are 19°.6 and 45°.7 P. For the years 1873-188'^ we 
liave, therefore, a moan difference of 3°.8. The means of the last decade 
(1896-1905) are 48°.3 and 46°.1, figures which give a difference of only 
2°.2. (^on&ideriiig decades of years, the increase is 0°.4 in Milwaukee, 
whereas there is a decrease of 1°.2 in Chicago. These stations are too 
close to one another to admit such a disagreement of figures, and it is 
evident that something is wrong in the records of either Chicago or Mil¬ 
waukee. Of course, a difference of 1°.6 is not a very large figure and this 
differeiu'c may be due entirely to the variations of the town influences. 

The records of Port Iluron, Detroit and Toledo may serve as another 
example of misleading discrepancy. Considering again ten yearly means, 
the differences between the means of 1876-1885 aiid 1886-1895 are 0°.l 
for Port Huron, 1°.4 for Detroit and 2°.J for Toledo. It seems highly 
improbable that a decrease of temperature of 2°.4 could occur at Toledo 
simultaneously with a decrease of only 0°.1 at Port Iluron. Now, com¬ 
paring the departures of overlapping ten yearly means, departures from 
the general means or normals, we notice that one or two of these series 
of observations must certainly be considered nou-homogeneous. 

Likewise, the departures of Knoxville compared with those of Cincin¬ 
nati, Memphis and Augusta show plainly that the records of Knoxville 
are unsatisfactory. 

These examples demonstrate how cautious one has to be in dealing with 
long-range variations of temperature. The changes of the mean tem¬ 
peratures due to climatic variations of long duration are small and an 
apparently insignificant cause of error may modify the values of a series 
of obserAations to such an extent that the actual variation will be com¬ 
pletely disguised. It is therefore easy to understand that even tlie best 
available figures—such as those of Bigelow’s tables, for example—^lead 
only to a sort of rough approximation. 

T will pass now to the exposition and discussion of the results of my 
calculations. 

On Bigelow’s tables, there are fifty stations having continuous reeonls 
from 1873 to 1905, but only five belong to the plateaux and Pticific coast, 
namely: (^heyenne, Denver, Portland, San Francisco and San Diego. In 

support on the tomppratures and vapor tpnslons of the United States. U. S. pppt 
of Aftrlo. Weathpr Bureau, Bull. R. 1000. 
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order, therefore, to have a better idea of the variations in the far western 
slates, I had to take fourteen more stations whose records begin a few 
years later than 1873. I made, for these sixty-four stations, consecutive 
totals of ten-yearly means and the departures of these totals from the 
general or normal means of Bigelow's tables, and then I inscribed the 
figures so obtained on maps and drew the lines of equidoparturos. 

When one takes into consideration the fact that some of the departures 
are obviously wrong, the series of observations not being homogeneous, 
and when one looks on the maps and sees how far apart some of the sta¬ 
tions are and how problematical these departures are, one arrives at the 
conclusion that all that may be said about long-range variations of tem¬ 
perature is to a great extent purely hypothetical. 

It is undeniable that long-range variations exist, but a search for the 
periods of these variations is at present hardly justifiable, as an inspection 
of my maps demonstrates at once. The oscillations of temperature are 
indeed the product of a d 3 mamical phenomenon, and it is of course only 
in the case of stationary oscillations that the phenomenon would be sim¬ 
ple enough to allow the application of statistical methods to its study. 
Since, however, the phenomenon is dynamical, all (apparent) knowledge 
gained by a purely statistical treatment of the subject is defective and 
may be discarded, or must at least be considered as being an insufficient 
proof. 

Let us examine the maps. 

The departures for the decade of 1873-1883 give a map showing the 
existence of a macropleion covering practically all the area of the United 
States and extending most probably far north into Canada and south 
over the West Indies, negative departures*® are to bo observed along 
the Atlantic coast, in Boston, New York, Philadelphia and Wilniinglon, 
and also in San Diego, Calif. The positive departures arc highest in 
Duluth, La Crosse, Chicago, Indianapolis, Cincinnati, Nashville and, 
farther south, in Key West, where the departure is -f- 0.9 P. The highest 
figures are -f 1.3 in La Crosse and Cincinnati. The macropleion has a 
well marked crest extending NNW.-SSB. 

During the following consecutive decades, this crest i^rsisis wiih a 
striking tendency to assume a N.-S. direction and, at the same time, we 
notice a slow displacement of the macropleion toward the south and the 
more or less gradual development of a macromeion in the west. 

A radical change in this nearly stationary situation occurs between the 
decades 1877—1886 and 1878—1887. I reproduce the following four maps 

agores —0.3 tor Pittsbargli and KnozvlUe are considered as being evidenllv 

wrong; 
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to illustrate the fact (Figs. 3-5). These maps show perfectly a circular 
movement in a clock-wise direction. This displacement is gradual and 
the inspection of tlie maps loaves no doubt about the dynamic character 
of the climatic change. It also appears evident that the phenomenon is 
confined to the North American continent: the macromeion takes the 
place of the macropleion aiid both persist and stay on the continent: the 
macropleion has been pushed over the West Indies and Mexico in order 
to take the place of the macromeion over the western states, but has not 
been pushed away, over the Atlantic, toward Europe or Africa. 



Pig, 2 .—Maa opleion iS^i8-18S^ 


Fig. 4.— 



The maps of the following consocutivo decades again show a more or 
less stationary situation ami a gradual development of the macromeion 
toward the south: for 1883-1S93 the departures are already negative in 
the southern states and become more so for the decade 1885-1894. 
Hence, a rotary movement of this macromeion, similar to that of the 
macropleion of 1873-1883 and the following decades, would be expected. 
This, however, is not the case, The displacement occurs, but in a pre¬ 
cisely reversed direction. The western macropleion spi^ads out toward 
the south, meets (1888-1897) a macropleion which progressively devel¬ 
oped itself over the southern Atlantic states, and moves rapidly north. 
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From 1889-1898 until 1896-1905 wo have once more a nearly station- 
aiy situation with a gradual and slow contra-clockwise pciululation. I ho 
following maps (Figs. (5-9) will sene to illustrate the progressi\e change 
which takes plac'e. 

1 nsistiMg once more upon the laci that, in many cases, the depai tines 
utilised are most pi'oblematical ami that the maps must 1 h' considered to 
be very inaccurate, 1 cannot refrain from drawing some mon.' conclusions 
gaineil from the inspection of these maps. 




Fifl. 7.— Marroplcton, tSiH-UIOS FiG. 9,— Macropleion, Jl8iHi-1905 


Tho following table (Table T) givos the JiigliOht and lowowi dopariuroK 
for each decade of years. The cwresponding totals show the urnplitiides 
of the anamolies of temperature represented graplu('ally on the t<‘ti-yearly 
maps. The highest figure is F. The amplitude of the ma(‘ro<*hn)ni(* 
variation is therefore very small. In other words, as far as tern])enUure 
is concerned, the changes of climate arc restricted to narrow limits.^^ 
The smallest amplitude is 0.9 and not 0, as it ought to be, if we had to 
deal with regular seesaw movements. 

^ It Is Interesting to note that I have previously found a similar fiiiuro for Murope.. 
The departure maps for the decades of 1851-1000 (L’enchafnement des variations cll- 
matiques, p. 38) show a highest amplitude of 1®.1 0. = 1®.08 F. 
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Table I .—Extreme ^epartioes 


Becadcs 

1873- 1882. 

1874- 1883. 

11 

. H 

. H 

ighestaud lowest 
departures 
hi 3 —0.4 

1-1 3 -0.4 

Difference 

1.7 

1.7 

Mean 

-j-U.46 

-4-0.45 

1875-1884. 

. -j 

hi.2 

—0.5 

1.7 

-fO.36 

1870-1885. 

1877- 38S0. 

1878- 1887. 

1870-1S88. 

1880-18W). 

issi_ikn(».. 

1 

. H 

. H 

. H 

. 4 

hi 0 
-1.2 
-0 8 
hO 7 
hO 0 
hO 5 

-0.4 

-0.4 

-0.4 

-0.7 

-0.0 

-0.0 

1.4 

1.0 

1.2 

1.4 

1.5 

1.4 

+0.30 

+0.40 

+0.20 

0. 

-0.16 

-0.20 

1882-181)1... H 

hO 5 
hO 0 
hO.5 
hO 0 
hO.3 
hO.3 
hO.5 
hO.7 
-0 6 

-0.0 

1.4 

-0.20 

1 SU‘>. . -1 

— 1.0 

1 0 

-0.20 

1884-1803. 

1886-1804. 

1880 1805. 

1887 1890. 

1888-1807. 

1880-1808. 

1800-1800. 

. H 

. H 

. H 

. H 

. H 

. H 

-1.0 
-0.8 
-0.7 
-0.0 
-0.4 
-0.5 
— 0 0 

1.5 

1.4 

1.0 

0.1) 

0.9 

1.2 

1 2 

-0.26 
—0.10 
—0.20 
-0.15 
+0 06 
+0.10 
0. 

1801-1000. 

1ftO‘i|_1001 .. 

. -i 

-1.0 

-0.0 

-0.6 

—0.0 

1.0 

1.5 

+0.20 
+0.16 
+0 20 
+ 0.15 
-0.05 
+0.05 

1803- 1002. - 

1804- 1003. - 

1805- 1004. - 

1896-1905. - 

-1.0 
-1.1 
hO 7 
hO.8 

—0 0 
-0.8 
-0.8 
-0.7 

1.0 

1.7 

1.5 

3.5 


Now, if we take the column expresning tlie highobt (loparturo«, or 
crests of the inacTopleions, we notice a, well-pronounced variation of 
about nineteen years duration. The means of highest and lowest depar- 
tui*es also display a difforenc'C of about nineteen years between tlie warm¬ 
est decades.’^^ 

It is interesting to note tluit a period of nineteen yeai’s was advocated 
long ago by H* C. BuaselP® and recently by William »T. S. Lockyer.^^ 

The figures of my table are too uncertain to serve as a strong argu¬ 
ment in favor of TiiisselPs period, T give them simply to illustrate a 
method of research which is highly recommendablc. 

To sum up the results obtained by the inspection of the maps, 1 will 
say that the long-range variations of temperature of particular stations 
in the United States are due to irregular pendulations of macroploions 
and raacromeiona, that these pendulations are complicated by the exist¬ 
ence of slight seesaw movements (or vibrations) which increase or de¬ 
crease the departures, making the inaeropleions more or less accentuated, 
and that, finally, the entire system of macroploions and macromeions 
moves up and down. This last movement is sliown on the maps by an 
increase in size of the macropleions and a decrease of the macromeions 
or vice versa. This is the real long-range variation. Tlie decade of 

“The lustra means of the temperature observed in New York City demonstrate this 
variation very clearly. <Axn. Geogr. Soc. Bull., Vol. 45, p, 124. New York, 1913.) 

“H. C. Russell- “Meteorological periodicity” (Journ. Roy. Soc. of N, S, W., 1S76, 
p. 151). 

Solar Physics (’ommittee. A discussion of Australian meteorology, p. CC. London, 
1909, 
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1873-1883 is a typical example of a widely spread-out macropleion, while 
the decade of 1883-1893 shows a predominant macromeion. 

The next problem to be taken into consideration is whether the maxi¬ 
mal development of macropleions occui-s sinuiHaneously on the different 
continents. 

I have already published the departure maps of the live decades from 
1851-1900 for Europe,but 1 think that it would be useless to make 
comparisons without the aid of consecutive maps. Therefore it may be 
that the increase in temperature is simultaneous on both sides of the 
Atlantic or that, on the contrary, there are compensations,—^it may also 
be that there are correlations in the movements of the macropleions or 
even pendulations of a higher order. 1 have to leave these questions 
unsolved. They concern the last and most important of the three prob¬ 
lems of long-range climatic variations mentioned at the beginning of 
this discussion. I may venture to add tliat tliis is also the only problem 
which remains to be solved, because the second problem concerning long- 
range variations, mentioned above, does not harmonize with the dynam¬ 
ical conception of climatic variations which must be admitted. 

European Temperature Data eor 1900-1909 

It is really astonishing that after all the efforts which are made, all 
over the world, to organize and maintain meteorological stations, mainly 
for the purpose of collecting data, the actual results of the work which is 
done are as inaccessible as they are. 

It seems to be a very simple matter to take into consideration the 
European temperature data for the years 1900-1909 in order to discuss 
the results, but it is not so. I had in view the yearly means of those 
years. One would think that in a town like New York City all the pub¬ 
lications where those figures are recorded could be easily found. This is 
a mistake. In order to have the ncce-ssary data I had to obtain them by 
correspondence. I express therefore ray thanks to the Directors of the 
different meteorological institutions who helped me in ray work by pro¬ 
viding me with the necessary data. 

In the following tables (Table 11) I give the annual means in form 
of departures from the means of the decade 1900-1909. All the figures 
are degrees centigrade. 


“ Op. oit., pp. 40-42. 



AR0T0W8EI, CHAN&EB IN DISTRIBUTION OP TEMPERATURE 51 


•^loiocococococpioc^cceo 


oooooooooooo 

> 11 I I I I I I 1 I I i 


©OOWlCICa^ei'^CDCCCOCCTPNiHClC'lC'l 

c dddoddocodcoddo'dododoooooodcodo 

I I I i I I i I I i I I i i I I++ I I I i i i I I I I i ) I 


§ ddddddododdd 

S ++4-1 ++++++ 


cOiO'fiCiioeoioeo scci'^ci eociTt^’^Heo^rjicoeocPwscocpiocor-i's^ 
ddddddoddd dddddddddddddddddddddd 
++++++++ ++++ ++++++++++++++++++ 


o odddddddoodo 

s I I I I I I I I I I I 


rHi-ir'ieiCO '^'^©THlOT*ifc-tt>Ol-00«CiWCIC1<NOOt^iCCNei?C'J<NCO 

dddodddd^Htnddddrtdodd ddddddddddddd 

1+11+ +++++++++++++11+++++++++ I 


^ tHiowjuOWeO'^M Nth 

2 dddddddddddd 

S ++++++++ ++ 


i'SWeo'Tt<nci©cc»OF-irH eo th wiocsioeo ©or-c^aoiT-ioo 
dddddddddddddddddddddddrHindiHddTHTHTH 

++++++++++I+ I I +++++ +++++++++ 


JQ WWNtH ^ ^NtHrtCOWr-j 

2 dddddddddddd 

s ++++ ++1++1 


2 ddooooooo©©© 

s+ ++1 l + l + l 

mcithci ^eoTHt-ieoiH 

2 dddddddddddd 

s I I 1+ ++++I + 


; dddcdddddddd 

! II I I I I I I M + l 


^ COS'! CltH tHiH rH»H 

2 ddddoddddddd 

S ++ 1 I ++ 11 


f THHN90'TljWMCOW»-IiHCO 

dddddddddddd 

++++++++++++ 


ad )£a©b-ee©^-k‘?©t:*©t«e'1 

O) • • . . .. 

t»l;-00©C0©Q0©©QQ©vH 



IOWiHtH iH'rtiCIrHW CCrtiHfc-t-OO'^eCiOeOCCCOTHTHiHIO 

dddddd©dddddddddddddddddd©dddddd 

++I+ +++++ +++++++++++++1++ ++++ 

MtHNiHClWCOMCDCOM Cl W Tt< CC r-iW b->»»<IC5 lON 

dddddd©ddddddddddddddddddddddddd 

i 1 1 I 1 1 I 1 1 1 I +1++++1 I I 1 I 1 1 1 1 I 1 I 

W'HTHrH®CO©l'5eOOO©CCri<CClCTHiH ICtHWWCI Cl Cl CC rH "i#) 

d d d © d d © d tH © d d d d d d © d d © d d © d d d d d d d d d 

++++++++++++++++I ++ +++++ +++++ 

© <C w © l'-© c © © h-© © l'-Cl W «: © 00 © b-© l* tH a © Cl © iH CO CO 
d d d d d d d d d d d d c d th ih th th t-I th d d d th © d th r4 ih tn T-i th 

I 1 1 I i I I I 1 1 I I 1 1 I 1 I I I 1 I I 1 1 1 I 1 1 I 1 1 t 

iOoo©«©o<tt«©©©©©©©©eo©c‘eoL<«'^©H4©©b-©©©©tHtH 

ddddddddeddddddddcdddddddddddddd 

++++++++++++++++++++++++++++++++ 

HH Cl w »H t-b- tH tH © b-© © CI C © © © a CO l'-© 1H © 00 tH © © © »0 ©-«J1» 
d © © d d d »H tH tH tH rH d tH »H t-4 © rH C i-i d © tH T-I d iH © T-i © d d © d 

1 1 1 1 I il 1 I 1 1 1 1 1 1 I 1 1 1 1 11 1 1 1 11 1 1 i 1 I 


©©©©O©©©©»H©©THC0b-©©0ClO»HiH©CI©O©©W'C©©© 



































































Table H.— Temperature data for European stations —Continued 

Mean 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 
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Table II. — Temperature data for European stations — Continued 

Mean 1900 1901 1902 19o3 1904 1905 1906 1907 1908 1909 
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The records of France, Spain, Portugal, Italy, Servia, Turkey and 
Greece have not been taken into consideration. For Bussia, Axistria, 
Belgium, Holland and Switzerland 1 had only a small sele<*tion of data. 
For Bussia, in particular, the number of utilized stations is absolutely 
insuflScient.^® For Great Britain I have taken the district means. In 
reality, then, I have taken into consideration only Scandinavia and Cen¬ 
tral Europe, and European Bussia simply for the sake of orientation. 

It would seem that the figures of more than four hundred stations 
ought to give a very accurate idea of the variations of temperature which 
occurred during 1900-1909 in Central Europe. 

This is true only to a certain extent. 

First of all there are some local complications clue to orographical con¬ 
ditions. To try to discuss these complications would lead me too far 
afield and would necessitate still more data. 

T had in view simply to got a general idea of the geographical distribu¬ 
tion of the annual departures of temperature and, for that purpose, I liad 
just enough data. 

The area covered by Scandinavia and Central Europe is absolutely in¬ 
sufficient to give the necessary maps for a clear understanding of Ihe 
climatic variations whicli take place. Europe is but a fragment of an 
immense continent: the old world of Asia, Africa and Europe, and the 
variations of temperature which occur in Oeniml Europe evidently de¬ 
pend on those which occur in Asia, in the Arctic regions, on Ihe Atlantic 
and perhaps also of those which occur in Africa, in Equa^torial Africa 
and the Sahara in particular. Central Europe is probably the least favor¬ 
able spot on the earth^s surface to be taken into (*onsi(ieration for the 
study of climatic variations. There, the variations are far too compli¬ 
cated to bo understood easily. It would have been a great advantage to 
me, if I had had the data of all the Russian stations, those of Sil)eria and 
Turkestan in particular, and also the Indian data; but then I would 
have had to face such a number of new probhuns that it would have In'cn 
quite impossible to stop the research work in order to write down tlie 
results obtained. 

The ten European dc])arture maps which T publish now (Figs. ) 
arc simply first material for further researches. These maps are most 
suggestive fqr many special investigations. In order to a<Ivan(^e, how¬ 
ever, T will avoid details as much as possible and will pass at once to the 
main question: the eanse of pleionian variations. 

«It Is my intention to study more In detail tbe variations of temperature which oc¬ 
curred during the years 1000-1009 In Poland, the Uusslan Kmpire and India as soon as 
circumstances permit. 
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Besides the Scandinavian (countries, i‘ar which I had the complete 
record of observations, I had at my disposal the monthly means of tem¬ 
perature of Bncarest, Kazan, Wai*saw, Odessa, Aaclien, and Geneva. I 
made consecutive twelve inontlily totals for these stations and also for 
Bodo, Sydvaranf^er, Ifaparanda, and Yostervip^. On the following dia¬ 
grams (ITigs. to and It) I reproduce these totals graphically, together 
with the curve of Aro(]uipa, which will servo as a type of the diinct solar 
vaoiation in equatorial regions. 



Fig, to, — Ourvc8 of the vonatTHtlre moatn at tiuvharoHt, OticHHa, WumiWy ha:<nh and 

Arequlpa 

The striking fact which is exhibited on these curves is that the varia¬ 
tions of the European i-egions having a frankly continental (diniato are 
radically different from those which lie under the prevalent influeiico of 
the Atlantic. The curve of Kazan exhibits tendencies of increase of 
temperature followed by tendcjicies of decrease in regular successions, 
a variation repeating itself independently of the seasons of the year, just 
as in Arequipa. In Bucarest and in Warsaw wo have also the typical 
pleionian variation. The curve of Aachen, on the contrary, is absolutely 
different. There we have small ups and downs entirely disfiguring the 
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pleionian curve. The Aachen curve is characterized by brachychronic 
variations of small amplitude. 

In northwestern Europe, then, the brachypleions must have a pre¬ 
dominant importance, whereas they do not affect eastern Europe very 
greatly. The curves of the Scandinavian stations, on the other hand, 
belong to a mixed type of pleions and brachypleions. Here we may have 
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Fig. 11 .—Connecutlie tomiwniiinc ntnon at Oenora, Aurhi^tt, Ve^torrig, Bodit, 
Ilaimiamla and Htfdi arangei 


a succession of several yt5ai*s during which llie clianges of tGm])crature 
will bo slow and great, as in Russia, followed by a succession of years of 
shorter and moi^e irregular changes entirely different from those of Russia. 

It would seem that there are pleionian and brachypleionian areas and 
tliat the border between them may temporarily belong to one area or the 
other. In reality, however, things are more complicated because the 
pleionian and brachypleionian variations are coexistent over more or less 
large areas. The comparison of the curves shows this very plainly. 
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If we now compare more closely the curves of Kazan, Warsaw, and 
Bucarost with the Arequipa curve, we notice sufficient similarities to 
grant that the priniai 7 cause of the Russian variations is most probably 
the same as that which produces the equatorial variations, ^riie main 
cause of the complications in the gt'ographical distribution of the cveess 
and dcficieiic} of ttuuperalure has to be ascribed to the perturbations of 
atmospheric circulation and transpoi-t of water vapor. We have to admit 
that if the value of the solar radiation changes, the temperature at the 
earth’s surface must change; but the total atmospheric pressure nmmins 
the same. (Consequently, a rise or fall of temperature must prcKiucc 
abnonual changes in the distribution of atmospheric pressure. Those 
changers will affe<‘t the winds, the rainfall, and also the temperature. 
The normal, or lot us say the Arequipa, variation of tempeiuture must 
therefore undergo, in dilfei’ent regions, all sorts of modifications due to 
the local conditions of atmospheric circulation. 

This fact explains the coexistence, and mutual dependence, of plcioHS 
and antipleions and explains also, to a certain extent, the persistence and 
more or less progressive displacement of the pl(*ioiis from one region to 
another. 

On the other hand, some, at least, of the brachypleions may be con¬ 
sidered as peripheric trepidations of the pleions. 

At present this interpretation is evidently but a simple working hy¬ 
pothesis for investigations yet to be made. Tl will, however, be stiffi- 
cient to*compare the curves of Aachen and the vSeandinavian stations 
with those of figures 59 and 00 to arrive immediately at the conclusion 
that the brachyplcionian oscillations arc not at all a particularity cliar- 
actorizing the purely maritime climate of oceanic islands, as at first one 
would have been inclined to think. 

The tempcTaiuro scale not being indicated on ihoi diagrams (Pigs. 
10 and 11) r give in the following table (Table UT) the values of the 
highest and lowest consecutive means and their dilfeivTices. niese fig¬ 
ure's an* ""V. It would have meant too much work to rcflu(*e all the fig¬ 
ures utilized to draw the curves into mean temporaiuros and into 
The utilized figures are simply totals of twelve monthly means. In tin* 
case of °(^. T added fifty to all figures in onler to avoid the negative 
values of the winter months. For totals of ®F. the figures of course giVo 
an apparently greater amplitude of variation to the curves. The pre¬ 
ceding table will serve to make comparisons possible in case anyone would 
like to examine the amplitudes of individual crests. For my present 
purpose sucli (comparisons are unnecessary. 
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Tabu 111 .—Exircmc values of consecutive means 

Ulghest Loviest DMfwfncc 


Geneva . 10.3 &.4 1.0 

Aachen. 0.7 b.2 1.5 

Vestervig . 8.3 0.1 2.2 

BodO. 5.2 2.0 2.3 

Sydvaranger . -j-0.8 —3.6 4.3 

liaparanda. +2.1 —2.3 4.4 

Bucharebt. 11.0 0.0 2.0 

Odessa. 11.0 8.4 3.5 

Warsaw . 0.3 0.4 2.0 

Kazan. 0.0 1.4 4.0 


Passing now to the description of the maps^ we will immediately 
realize the nsefulness of the curves of consecutive means, because these 
curves eliminate the possibility of hazardous speculations about the dis¬ 
placement of the pleions from one year to another, instead of such 
superficial considerations, w’e will find the way to study systematically 
tlie prog^essi^e transformation of the maps, a task which 1 cannot under¬ 
take at present not having the monthly means for all, or at least a large 
number of stations. 

The map giving the distribution of the (lei)artures for 1900 (Pig. 1!^) 
is practically identical wdth the map of the same year I have traced, 
utilizing the departures from the means of 1891-1900.^^ This demon¬ 
strates \ei*y clearly the fact that annual departures from ten yearly 
means serve perfectly to indicate the position and shape of pleions and 
antipleiona 

On the present map tlie quasinormal line crosses Denmark, Southern 
Sweden, Ourland, and forms a curve across Kussia toward the Azof Sea. 
North and east of this line the departures are negative, south of it they 
are positive. The aiitipleion forms an immense wave with two centers 
of lowest values, one in Scandinavia, the other in Eastern Eussia. In 
Sweden the greatest negative departure occuit!} at Quick jock and is 
— 2.0 C. The Eiissian data do not permit of locating the eastern cenier 
of the antipleiori exacily. In Kazan the depariure is —1.0. The 
highest vahies of the pleioii arc Hungary. The plcion is 

broken up in central Euro]>c by an area of low values. Tn soiiihom 
(Jerraany and Bohemia, the departures are below + ^>-5 and decrease 
io 0. along a line e.vteiiding from the Belgian frontier into Bavaria. 

1''he map of 1901 (Pig. 13) shows a radical change in the distribu¬ 
tion of t(»mperature. Where wc had a negative wave we now have a 
positive wave. The pleionian departures are 4-1.2 in Swedish Lapland 
and 4" 1-3 in soutliern Eussia. The quasinormal line goes from (ireat 
Britain across Germany and Austria towards Eumania. The lowest 
departures of the aiitipleion are — 0.7 in Erfurt and — 0,8 in Qottschee, 
in Krain. 


wojj. t it., p. nil. 













ANNALS NEW YORK AC IDEUY OF SOIENOES 



Fio 13 —Tempetatmt irfimtuiet for the iiea> 19Bt 
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Fig n —Tempuature iepwitmit tor the yem 190S 
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I^aturally one asks whether the antipieioii ot 1901) went down op tlie 
ploion went up. The eoiiheinitive eur\es will ^:^i\e some indieation about 
the diiSplaivnuMit whieh took pla(‘e: The pleionian eri^j passed Kasan at 
(ho eonse(‘uii\e mean: Sept. lOOO-Anii^. 1901. in naj)arHnda, Kodo 
and Syd\ai*anj*er the eresi o(‘(*urs at the mean of Non. I900~()ei. 1901, 
In V'^ostorMg and Aaehen, Feb. ll)01-Mar(*h 190<5. 

We niubt admit therefore that, most probably, the divsplaeement went 
from iiorthoast to soulhw'oat, but the map shows tho exiaieiiee of an 
antiplcion o\er the White Sea. Moreover, in 1901, the eonsecuiive curve 
of Kazan is on the descent. The same is true in northern. Scandinavia. 
TC we consider the dates of the occurrence of the minimum, we find: 
Syd\aranger, Ilaparanda, Bodb, November, 1901-October, lOO-^; Kazan, 
190^2; Vestervig, Warsaw, Biicarest, February, 1902-Jaiiuary, 1903; 
GenoNa, May, 19()2-April, 1903. There is, therefore, a progi-essive in¬ 
vasion of a negative wave coming from the White Sea and spreading out 
towanlfl the southwest and south. The map of 1903 shows plainly the 
importance of this antipleion. 

This characteristic antipleion, with a depai-ture of — 3.1 at its center in 
Mezen, follows closely the first depression of Arequipa. Therefore, a de¬ 
tailed study of the meteorological phenomena of 1903 would be most 
instructive if one took, besides the European data, those of Asiatic Ku&sia 
and India. The distribution of the equidoparture lines on the map (Fig* 
14) shows plainly tho dynamical character of the phenomenon. 

It would not be very difficult to And out how this antipleion invaded 
Europe and tho reason why could be traced as well, and correlaied with 
the equatorial variation of tempeniturc. 

The map (Fig. 15) of the departure's for 1903 is just as interesting as 
the map of 1903, There is an imporinnt rise of temperHliirc over all the 
amx with the exception of southwestern Fiiro])c, Ireland and Scotland. 
NTow there is a pleion centered over Russia, where the dcparlures are 
4*1.5 in Pernau, Vologda and Vyehnyi Volotchek. 

l\Tiat became of the antipleion of 1903? Did it go towards the At¬ 
lantic and the south, or was there a rise of temperature m ailu without 
any displacement? 

The consecutive curve of Geneva (Fig. 11) shows that the aniipl<‘ion 
of 1903 certainly did not cross Switzerland to go south; but the (‘urves 
of Sydvaranger and Haparanda are very sleep immediately after 1903, 
the curve of Warsaw (Fig, 10) sliows a regular and progressive ascent 
from 1903 until 1903, while the curve of Bucarest, on tho contrary, 
shows a slow ascent followed by a very much faster increase of tempera¬ 
ture towards the end, and there the values remain high till the mean of 
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Fio. 17. —TemperaHre ilepartureB for the year JWS 
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Fig. 19. —Temperature ieparturet for the year XIO) 
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September, 1903-Aiigust, 1904. Consequently, consecutive maps would 
show that the formation of the pleion began in the north and extended 
progressively south or southeast. 

The map of 1904 (Fig. 16) shows a distribution of the equideparture 
lines similar, to a certain extent, to tlial of 1901; but the sign of the 
departures is reversed, since we have now an antipleion where we had a 
pleion in 1901. The consecutive curves are again a great help towards 
the understanding of what happened. If we consider this depression 
of temperature as being due to the same cause as that of Arequipa, we 
may say that in Kazan the reaction is felt tirst, then in Warsaw and 
finally in Bucarest, where it is very much retarded. 

In Scandinavia the phenomenon appears to be more complicated. 
There we have two distinct depressions. One is coincident with that of 
Arequipa, as the curve of Vesterwig shows, and the other is greatly re¬ 
tarded. It may be that the second depression of Haparanda and Sydva- 
ranger is due to a propagation of the antipleion first formed in Russia. 

The map of 1905 (Fig. 17), if considered from the same point of 
view, represents the formation of a pleion and that of 1906 shows the 
same pleion after the maximum of its development. 

The most important crests on the curves of Kazan and Bucarest occur 
between 1906 and 1906 and correspond to an Arequipa crest. In War¬ 
saw we notice fluctuations; the same in Scandinavia^ where they are even 
more pronounced. This pleion must have been Asiatic. 

In 1907 (Fig. 19), there are residual pleions over Scandinavia and 
central Europe and an antipleion over Russia. 

Between 1907 and 1908 the curves of Warsaw, Bucarest and Geneva 
show the Arequipa crest. 

This fact demonstrates that the Russian antipleion did not spread out 
progressively over central Europe, as a comparison of the maps of 1907 
and 1908 seems to indicate. On the contrary, an important interruption 
occurred, during which a brachypleion (corresponding to the Arequipa 
crest of 1907-1908) came from the south and invaded southern and west¬ 
ern Europe without affecting the Russian antipleion. Finally, this Rus¬ 
sian antipleion of 1908 went west in 1909 (Figs. 20 and 21). The con¬ 
secutive curves, the curve of Geneva in particular, leave no doubt about 
this fact. 

The main result gained by the study of the maps is that, during the 
years 1900 to 1909, the pleions and antipleions did not move from the 
Atlantic across Europe towards Asia. On the contrary, the displace¬ 
ment was from the northeast towards the southwest, or from the east 
towards the west. Moreover, these displacements did not cross the areas 
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Fio. 21 .—Temperature Aeparturee for tite year 1909 
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of maritime climate. One may say, therefore, that the big pleionian 
variations of Europe are a purely continental and, perhaps, Arctic 
phenomenon. 

It would be premature to attach any importance to the locations of 
origin of particular pleions. The areas where they are formed, in ail a, 
are probably not always the same. Besides, tlie question whetlior a pleion 
is of an Asiatic or arctic origin has no importance for tlie present, simply 
because it would be absolutely premature to discuss the reasons why, 
luider the influence of a temporary increase of solar radiation, one loca¬ 
tion of the polar or temperate regions is more favored than others. 

It is evident that a temporary inerease of energy radiated to the earth’s 
surface, during, lot us say, throe months in succession, will not directly 
influence the temperature of the arctic regions if it occurs during the 
winter montlis of the northern liemisphere, whereas the antarctic regions 
will be greatly influenced. 

The question of the formation and development of pleions, outside the 
equatorial regions, must bo studied together with the seasonal changes 
of atmospheric pressure and the temporary alterations of atmospheric 
circulation, nebulosity, rainfall, etc. I intend to make such a study for 
particular pleions and especially for brachypleions. The fact, however, 
that in Eussia there are some striking coincidences between the forma¬ 
tion of pleions and the crests of the Arequipa curve is a most convincing 
proof of a common cosmical cause of these variations, 

AmRRICAN TEMPERATmiE T)ATA FOR 1900 - 1909 . 

Since the equatorial or Arequipa variations of temperature can be ob¬ 
served not only in Eussia but also along the Atlantic coast of the United 
States, in Hew York in particular,^® it was really fascinating to follow 
more closely the changes in the distribution of temperature which oc¬ 
curred simultaneously in different regions of the North American con¬ 
tinent. Here, it was possible to follow the phenomenon from ocean to 
ocean, over a much more extensive area than that of central Europe, and, 
this area being more isolated, it is self-evident that more definite results 
were obtainable. 

A research, apparently similar to mine, was made long ago by Helm 
Clayton.^® It was only after my investigations were nearly completed 
that I noticed the fact and Clayton’s writings have therefore not at all 
influenced my work. Clayton studied the monthly departure maps pub- 

^ H. Aectowski : “On some climatic changes recorded In New York City.” Bull. 
Amer. Geogr, Soc., Vol. 45, p. 117- New York, IdlJJ. 

« H. Hjdlm Clayton : “Weather changes of long period.” Amer, Meteor, Journ., Vol. 
2, p. 126. Detroit, 1885. 
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lished in the Monthly Woatlier Jlcview of 188^1 and 1885, and tor tlie 
sake of comparison I give his conclusions below.®® The results I have 
obtained so tar are so diirereni from those of irelm Clayton that ii is 
perhaps necessary to insist on(‘e more upon the fact that niy nm])s are 
annual depaiiure maps, whereas ilic maps iililLzcd by him were nionildy 
<leparinre maps. Even in the case of montlily maps of temperature, 
howe\er, Clayton’s generalizations iniifet be considered as simply plausible 
hypotheses, which may disagree with the observed facts. The departure 
nia])a for the months from August to November, 1912 (see Monthly 
Weather Eeview), will serve as an example. 

The method of research I have adopted is evidently tlie same as that 
of ('‘layton®^ and the ploionian variation, of equatorial regions in par¬ 
ticular, is certainly the same phenomenon as the meteorological cycle 
of twenty-tive months’ duration discovered hy Clayton,®® or the longer 
oy(de, of about throe years, advocated by Lockyer and others. 

Though the method of using consecutive means, and tracing departure 
maps, has already been used long ago, ii has not yet been applied to the 
scientific study of climatic variations in a sufficiently extensive and 
careful way to lead to the results of general interest and practical ap¬ 
plication which we might expect to obtain. 

Before entering into the details of the description of the departure 
maps of the years 1900 to 1909, T will take into consideration the geo¬ 
graphical repartition of the range of variation of the annual means of 
temperature. 

On Bigelow’s tables®® I have formed the differences between the high- 

““1. Thoro aro aroa«i of Uarom^trlc <lcpro«j<»!on, and olovatlon, which occupy weeks 
aud months in thetr movements acr<»sfi the continent from West to Wast. 

“ii, There exist, in<lepen(l<‘nt of the movements of areas of l)aromefrlc depress on, and 
elevation, numerous seeaaw oacillatlons In the pr<‘ssure which have bwm siven 11 
of RUrRCR. 

“D. In front of and to the south of areas of barometric depression of slow in vonieiit 
and lonR duration, as In thoRO of rapid movement and short duration, the tern ternture 
IR above the normal; and below the nomal north of them and In their rear i hlcli Is 
iiRually the front of barometric elevations. In front of, and to the south of, i rons of 
barometric elevation of lonpr i>criod, as in tho&e of abort period, the temperatur<‘ is below 
the normal, and above north of them and In Iheir rear which Is uRually the front of 
depressions. (In winter the area of warmth approaches and usually includes tlie area 
of lowest pressure, and th(‘ area of cold approaches and nsnnll.v includes the area of 
hisfhest presHure; In summer, vice versa.) 

“4. In front of, and within, barometric depressions of lonft period, as in those of 
short, the rainfall is above the normal, and below. In their rear. In front of, and 
within, barometric elevations of lonp period, as In those of short, the general tendency 
Is towards fair and clear weather with deficient rainfall.” 

^ Hknrt Hrlm Clayton : “A proposed new method of weather forecasting by analysis 
of atmospheric conditions Into waves of different len^jths.” Monthly Weather Review, 
1907, p. Iftl. See also: 

Hsnrt Gawthkop: Temperature curves (71uV7., p. 570). 

*» American Meteorological .Journal, Vol. 1, p. 180. 1884. 

wop, cit.. Bull. 8. 
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est and lowest annual means. The geographical distribution of these 
figures is most interesting. The highest difforencos are those of Bis¬ 
marck, Duluth, St. Paul and Marquette. The figures are respectively 
9°.8, 9°.7, 9®.5, and 9°.4 P. In North Dakota and the Lake Superior 
region the range of possible variation of the annual means is therefore 
above 9°F. Prom that region, tlic values diminish progressively towards 
the east, south and west. The line limiting the region where the difl*er- 
ences are above 5® goes from Portland, Ore., towards Salt Lake City, 
North Platte, Hannibal, Lynchburg and from there northeast, along the 
Atlantic coast. The difference for Portland, Me., is too high. The 
series of observations taken in Portland, Me., is evidently not homo¬ 
geneous. The values of 5°.5 for Los Angeles, 5°.8 for El Paso and 
San Antonio are also probably too high, since the line of 4° goes from 
Eureka southward over Sacramento toward San Diego, then eastward 
towards Little Eock, Memphis, Atlanta and Wilmington. 

The lowest value, for San Prancusco, and the value 2°.8 for the 
shorter series of observations of (^orpus Ohristi and Jupiter, are not very 
much higher than the differences 2°.l and of the pleionian crests 
and antipleionian depressions of the consecutive curves of Arequipa and 
Bulawayo. Tt follows that if. all over the United States, the varia¬ 
tions are primarily due to pleions, having the same eauso as the equa¬ 
torial pleions, the phenomenon would be four times more pronounced 
at the center of the North American continent—in Winnipeg, let us 
say—than under the equator. Of conrae, in the case of the braeliypleions, 
the difference would probably be very much greater, and if the results 
obtained from the study of the interdiiirnal mean variabilities of temper¬ 
ature^^ are taken into account wo raxist be im])rossed by the similarity 
of the results obtained. Evidently, the eoiitinontality must have the 
same exaggerating effect on (dimatic variations that it has on the cold 
and warm waves characterizing the changes of weather. 

I will pass now to the study of the annual d(‘parture nmps. 

Tlie figures utilized have been taken from the Annual Eeports of the 
Weather Bureau ajid those of the Canadian stations w('re copied from 
the Summaries of the Monthly Weather Eeviow. Tn Table TV, I repro¬ 
duce the means of the decade 1900-1909 and the annual departnrcs from 
these means for all the utilized stations. These figurOvS wore inscribed on 
maps and equideparture lines drawn. The ten maps thus obtained are 
reproduced as figures 22-31. 

**J. Hann: “TJntersuchungen uber die Veranderllcbkelt der Tagestemperatur.” Site. 
Math, Nat Cl. Acad. Wlss. Wien, Vol, Tl, II, p. 571. Wien, 1875. 
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Table IV. —Temperature means CF.) for the decade 1900-1909, etc ,— Continued 

Mean 1900 1901 1002 1903 1004 1905 1900 1907 1908 1909 


AFCTOVTBKI, CMANQE^ JN DISTRIBUTION OF TEMPERATURE 7' 


Wtt1W'^lOOOC>Xe'IWCOO«W©h-i-'t-OS^ »*5XX^CIOCq©WiH'^iHe'jiftOOC'liH«> 

©©oooodrHOoodoooodortOT-itHiHodddoddTMwwwoddowdocowoo 

++++ + I I I I I I 1 ++ I ++ I + I +4-1+ 1 + 4+ I I I I I 4+ I I 444 1141 

©©eOI>»OHeOtfO»OiHff'»MO©CO©eOCOWIOeOXt- 

'HrHiHO»Hi-)THOtHrHtHiH»Hr-lTHdiHiHr><rHiHdo©©»-tTHT-tiH’HiH©rHC'lHOOT-l©rHCrHrH»HtH*H 

4444444 I 4444444 I 44 I 4 144 4 144444 4144 444444 144 

lOCCiHlO Mrl ffO'^»0©iHX'»*<’«tt(M®COiCt9a»OiHX»-l'^’T»<©OCOOkCl-TH'<t<©rH©Ct-rHCH©eOe4COl'-eO 
dTHddrHrHdddrHdd«rH©iHiHTHddddT-id^r-liHdiHdeCiHTHr-ldTHddrHdrH©THCC© 

I1I4I4I41141III4II4I444 I 44 I I 1 I I 1 1 I I 44 I I I 44 I 4 I 1 

t-rH -^t-W3O©’Tt('TtiOlr-(MUai-MOOT|Hi?ltH©i-IC0r-lts|O ©©©CO ©Xt-IWC^CCCO t-©t- W 
dried ddT-iddt-iTHdd©THddTHdddiHtHdddiHdiHdddddddddHdd©T-tddd 

44 44141441444414444 I 1 14144 4444 44 I I 444 44 I 4 

©C-X<M»O<M©-tXe0lO©©01 ©©O0X©TH'fClTH«t-©t'-'»ii ox©oo©w©t-fioe0'^(e«©©©x 
dddddridriddrHddiHddddddTiiHciddd4ddddddddddddddddriiHd 

i I I I I I 1 I I I I I i I I I 141 I I 141 I I I I 41 141 141 1 141 1 1 I I 

lOon-ooxwxet-tHr-ih-xekft ctiot-4»'t©’**<cci>C'W©©trc>i©©ei©©i-wei»c;iHecxx*<f ©ci 
ri CI ri ri rH d ri d IH S'! d iH IM ic I rH d C l 01 © rH © d © ©O d cm’ iH o J T-I O rS ri tH d d d tH tH d d © rH tH rH ri 

111111141111111 11114144I411I1141411I14I1114II 

©-^ r«»Ot«-»OtHCO©CC»H©©iHl'OOU'-C‘l©'^fc-X‘^W©rHCMCC iOOI-t*«iH © iH© tH © ©©rM© 
ddridddddddriddddddddddriddridddddddriddddddddddddri 

I II IIIIIII44I14IIIIIIIIIIII4I I4II4III4IIIII 

iH© tH l-» © »0 01 © HXW©XrMO© ©« xrH t'-lO 01 « tH « I* ©'^ i«l» 0 ©eO© 

ddddddddddddriddddriddddddddriddddddddddddddddded 

41 441414 44414444 1I4I44I Mill 4441 I 1 4444 I 

l-ilM01-rtHCMHWrMCM01i-)©CMX©l>(MrMC'l'^©b-l^»©'i<©fH© iOX©<MX»©Tlii-4Ci|»IOt*XX-i*<©« 

ddiHridddriHdridtHdHdddddiHddddHdridriririciddririri© dHridridri 

I 141 1 14441444414141 144441444 144441 I 1444 1 14414 

eOrtWClX «'^M<M©'«i^'*t<Ol'«t«-©'i1<CM©CMe0'«f<rM'^©©l'0'^XSC©©«t-««©WH»0'>1<»r0T-IXh- 
ri iH ri ri d ri T-l ri ri ri H CM ri d d ri iH ri rH 1-1 rM d d © Cl ri ri CM d <M CM CM ri pi C d ri ri ri d 4 ri 01 tH ri 

44444 4444444444444444414444444444444444144444 


b-©©r-tO«©©-^(M©0©©©W^<M©X(MCOCM©©WCM©©OTt<©C©©©©XrHM'«ttp«t(MXkOO 











































a?iuaEE TSf,—Temperature means f for the decade 1^0-1909, etc.—Gontiiiued 

Mean 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 


78 


AJHNAL8 NEW YORK ACADEMY OF SOIENOEH 


OOeO'*f<0»T-«QOt-aDOOT»<r-'miOOt- Tlb-C30Q000C0C'IWl'-0:MiHl'aiO00O0S00C0C‘»G'1 

rHiHOO©OsJoC>OOrHOO»HOOOOOOdOtHOOOiH^OOT-lOOOr-IC'IOOiH3©3300 

+ 1 +•++ I ++ I 1 I +4-1 I ++++++++ I + I ++++4- I I I I I I 4-4-1 I + I 4-4-1 


00)O30«r-»00Tf<O»'-C'l©'M0S»'5 ?! O ©OSiH^OO O-fTIOSiM © ©Cl © t -1 T1 M Ol-S r-tO^UO 

TH©rH0HTHHrH0rHrHr-iDiH0rHHrHrt0rH©00©tHiH0T-»0iH©T*l00H0Hr-O0“©0iHD 

+ I +++++-H-++-H-+ I++-H-+-I-+++++++-(-++ I ++ I I I t-+ 1++ I H-1 

© W »0iH 00 © K5 tH t'-OO JO 00 00 »-«»0 O CI Cl © © 00 kO © iH 1H 00 © 01 c I © 00 CO 00 © O»TICI ? 11H © C uo 
T-l©©©fHCIOiHrHTHr-tTH©ClTHiHH©rHiHiH©TH©©©iHiHO©tH©iHiH©©©T-lrH©iH©rH©iHO 

4-4-1 I-M4-4-I I 14-4-1 I I I 4-14-1 I I 14-1 l-f-l4-l I I 14-4-1 I 14-4-1 I I 14- 

»O»OC0©©©lOCH>e0fc-rH iH©t-©Clt^ tH ©»HIO00Cl©©©CI©rHC100tf<»O00C0T-ICIM©©©»H© 

©©©rHiHrH©©©iH©0 ©©0©©©H©iHr-l00TH0rH0cJ©rHc500d0©TH©iH© ©©©tHO 

1 +++++ I H -I ' l-M- I +++++ +++ 1 I ++ I + I + I 14-1-H--1-4--I- I -l-H-t-l-l- 

C0C|I-'*1< OOtHtHDO »^^k^5k^^Q0lOkO■^lO©»OT-l©T^C000•^':^^CQfc-lfl-1^00»O W©H CnO©CO»OTH 

H©©©©©H ©© ©© ©©0©©©©0©©©©rHT-<OiHiH©©©d©dd©©od©THd© ©© © 

1 + 11 Ml Mil +MMMMMMMMMM4-+M + M + MI 


©‘'CCU'-©liOt-Cl'^©iH»t<tHt-00T-lfi000©rHl'0©»O©0000 ©00© kftkO©eO ©©CO ©l-rH CIOIO t-'^© 

OrHrH»H©Cl©©©THci©C TH©cici©Cl©Cli-ICl©©iHci©TH©ci©©t-lTH©©cicitH©’rt©iHcid 

I + MMMMMM + MM + MI++M+I 1 + 11 +++ 1 1 ++ I + I I + 

-IJCl WiHOt-jOCl WD©CI'*+«e0ClM< Cl©i-l0OiHCl©©'»tl>-*+tiH COTHr4?|-t<’*i<THCI'HClW©Cl©fHU01f 
H©©©H©rHTH ©©tHiHiHiH©©©©©»-I©©©©t-< ©©Cl ©rH©©iH©tH©©d©d ©©©<©©© 

II 11 11 11 11 1 1 11+ +11 l + l + l 11 + 1 1111 + 111 1 + 1 I I I++1 


COei'l^eOiHTHHOO’^O© lOOOOCU-iHt-ICICliHOClTHIiOClrH CO^HkOIOt-Tj^cnc kOO©Ck ©COH 


I+1+1+I++ ++I++I 


>300 


■4++ I I 1 ++ +1 + 1+1 ++++ 1 + I ++ 


HeQt^QOO^MOQOt“<OSQO'^'«j*t-‘^M^OOlHt«OOOOC'ICOWOtH»OOO^lTH^'i< C'l'#Oe0»HQ0t-^-. 

??T?T+?T+++’T7++?t7t7??+++++?t7?++++?®++T+T+Ttt 


t-Hk0©-H©iHC0k0C0©iH©©C1'it<00O'*H ©kO© W©©COWt-ki5fc»©©C|k‘Ol-Ck«'^OOa'<l<CIOO»-© 
© tH H tH © iH H © (M iH (M © © iH © tH iH T-1 tH © iH iH rH ci © tH iH © T-l d tH © ci ci rH © tH T-J H © © iH © tH iH © 

4-H-H-H-h+-h4-1 -. 


©© kO © CO © © tH © CO Cl tH tH 00 © o Tt( t-c 1Cl © kO ic; © I'-© © t-00 00 ? I kQ 00 © ■-♦< © GO C k l-© M © k-O Cl 






























































Table IV .—Temperature means (^FJ for the decade 1900-1909, etc.—Continued 

Mean 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 
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Pig. 23 .—Temperature departuree for the year mi 
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Fig. 25 ,—Temperature departures for the year X90S 
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LeaviDg for the present the curves of consecutive means and the con¬ 
secutive maps, which will servo later for a better comprehension of the 
dynamic phenomenon of ihe transformation of one map into another, I 
will dcseribo those annual departure maps and formulate queslions and 
suppositions, just as I did in my former reacandi into the variations of 
lemperaturc during the years 1891-1900. 

The map for 1900 (Fig. 22) is peculiar in that the departures are 
above the average all over the States. Tlie qnasinormal line follows 
the Gulf of Mexico from Corpus Cliristi over New Orleans towards 
Tampa, Fla. At Key West the departure is —0°.5 F. Porto Rico be¬ 
longs to tlic pleioniaii area. In Benmida the mean equals the ton-yearly 
moan. In the northeast there are negative departures in New Brunswick. 
The pleion has two centers, one in South Dakota, the other in Penn¬ 
sylvania. The higliest departures are in Valentine, Neb., and 

-f2°.4 in Harrisburg, Pa. The eqiiideparture lines of sur¬ 

rounding those centers, arc separated by a strip of lower departures ex¬ 
lending from Lake Huron towai^ds Oklahoma.^® 

The map of 1901 shows a pleion in the west, an antipleion in the east 
and another pleion having its center south or southeast of Nova Scotia. 
In Newfoundland the departure is + 0®.8 C. = + I®-*! F. at St. Johns. 
It is above + 2® in Nova Scotia. The highest departures of the western 
pleion are -f 2®.2 (Bismarck, N. Dak., and Pierre, S. Dak.), whereas the 
highest departure in 1900 was + center of the antipleion is 

at Macon, where the departiii'e is —2°.0. Comparing the ina])s (Figs. 
22 and 211), it looks as if the antipleion came finni the Gulf of Mexico 
pushing the eastern center of the pleion of 1900 from Pennsylvania over 
Nova Scotia and New Foundland, while the western center remained 
stationary. 

The map of 1902 (Fig. 24) is very different from that of 1901. The 
positive iis well as negative departures arc smaller; the contrasts between 
the plcions and antipleions are less accentuated than in 1901. The out¬ 
lines of the areas affected by positive and negative departures are com¬ 
plicated. The map gives the impression of representing intercrossing 
waves. It is as if the western pleion of 1901 had been out in two an(l 
as if the two centers had been moved apart: tlie center of South Dakota 
northwesterly into Manitoba and the center of Utah southeasterly to¬ 
wards Texas. An antipleion separates these pleions and, perpendicularly 
to this furrow, a ridge of positive departures extends from Ijouisiana to 
Nova Scotia. The antipleion of the west also has the shape of a wave, 

»Th€ departure of +0®.2 at Chicaijo !a evidently Incorcect. The departure — OM 
of Fresno, Calif., Is likewise in contradiction with the other Californian data. 
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Fig. 27 ,—Temperature departures for the year 1905 
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The question is whether thjs antipleioii, extending from Alberta to Lower 
California, came from the Pacific or is the southeastern antiplcion of 1901 
which moved across the States. 

Nineteen hundred and three is a year of a predominani aiitipleion 
covering nearly the entire area of the United States and extending north 
and south into Canada and Mexico (Fig. 25), Tlie most negative de¬ 
partures are —2°.l at Grand Junction and —2°.8 at San Antonio. 
This antipleion has a tliird center in South Dakota and resembles in 
shape that of the preceding year. A close inspection of the maps gives 
the impression of a contra-clockwise mo\enient. 

If this hypothesis is justified, it must be admitted tliat the map of 
1904 (Fig. 26) expresses the result of the continuation of this circular 
•displacement. In 1904, the center of the antipleion is in the northeast 
of Lake Huron, with a departure of —3®.4 at Parry Sound. In the 
west, on the contrary, there is now a pleion which, in this hypothesis, 
would also have traveled contra-cloekwise, from Ontario towards Idaho. 

Tlie western pleion has two centers with + 1®.9 departures at Helena, 
Mont., and Independence, Calif. The map displays a very accentuated 
contrast between the temperatures in the west and in the east and is 
perfectly typical. 

In 1906 (Fig. 27), we have again negative departures all over the 
States with the exception of Florida, California and parts of Washington, 
Montana and North Dakota. In Alberta, there is a pleion with de¬ 
partures as high as + 2°.9 (Battleford) and the same pleion extends over 
the Pacific, the departures along the coast being 0®.5 in Port Crescent, 
Wash., and + 0®.8 in Eureka, Calif, In 1904 the departure was + 0®.l 
in Bermuda, now it is -f 0®.6 and it is this Atlantic pleion which extends 
from Bermuda over Florida towards the Gulf of Mexico. It seems that 
the change of the map of 1904 into that of 1905 was due to a displace¬ 
ment of the antipleion from northeast towards the southwest, accom¬ 
panying a displacement of the pleion from the west towards the north. 
The movement was contrary to that of the preceding year, both the pleion 
and antipleion remained on the continent and traveled around in the 
same direction as the hands of a clock. 

The year 1906 shows a continuation of this movement, at least as far 
as the pleion is concerned (Pig. 28), 

In 1907, on the contrary, the conditions are so very different from 
those of 1906 that it is absolutely impossible to make any statement about 
the displacements which took place between these two years. The map 
of 1907 (Fig. 29) is precisely the reverse of that of 1906. Where there 
was an antipleion there is now a pleion and vice versa. The disposition 



ANNALS NEW YORK ACADEMY OF SCIENCES 


S6 



Fig. 30 .—Temperature departures for the year J908 



Fig. 31 .—Temperature departures for the year J909 
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of the equidepaiture curves is the same. A seesaw movement would ex¬ 
plain the transformation; but, as will be seen later, such an explanation 
is not satisfactory. 

The map of 1908 (Fig. 30) indicates a simple displacement of the 
pleion towards the north. The shape of the pleion remained practically 
the same and in the west an antipleionian wave, following the movement, 
advanced over the continent. The pleion has two crests, one going from 
Alberta towards Kentucky, with the departures of +2°.6 in Calgary, 
+ 2°.l in Medicine Hat, +1®.9 in Bismarck, Minneapolis and Cincin¬ 
nati, and a second wave following a perpendicular direction along the 
Atlantic coast in the New England States (+1°.6 in Boston and New 
Haven). Curiously enough, farther soufcli, a depression in the pleion is 
noticeable, the departure being + at Richmond, Raleigh and Char¬ 
lotte, and only + 0°.3 in Lynchburg. On the Atlantic there is an anti- 
pleion, the quasinormal line going from Jupiter, Fla., towards Halifax. 
In Bermuda, the departure is — 0®.9. 

Finally, the map of 1909 (Fig. 31) shows the disappearance of the 
northwestern crest of the pleion under the influence of the advancing 
antipleion, whose two distinct centers moved from Eureka towards Battle- 
ford and from Independence toward Valentine. The pleion of 1908 has 
been reduced to a wave extending from Nova Scotia towards Texas. The 
most positive departures are -|- 1®.1 in Sydney, Grand Manan and Char¬ 
lottetown, and -f 1®.7 in Port Worth, Tex. 

To gain a more precise knowledge of the displacements of the pleions 
and antipleions, which took place during the years 1900-1909, I made 
consecutive maps and consecutive curves. I will examine separately the 
results gained by the study of the curves and of the maps. 

Consecutive Maps 

The annual departures of 175 stations were utilised to draw the maps 
I have just described. To obtain similar conseculivc maps would have 
involved a great amount of purely clerical work. T simplified the task 
by omitting the Canadian data and taking only the means of the twenty- 
one districts into which the United States are divided in the columns of. 
data published in the ^Ttfonthly Weather Review.^^ I copied the monthly 
means for the years 1900-1909 for these districts, then calculated the 
consecutive totals, then the individual means and finally the departures 
of these means from the normal values. This last operation was some¬ 
what arbitrary and I would certainly have done better by taking tlie de¬ 
partures from the ten-yearly means. 
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At ihe l)o^2[inmn^, I had no intention of doing the work for all ilio years 
atid so r made ihe annual depariuros eorrespond lo those given in the 
‘^Monihly Weather Kovi(‘W.’’ Those do])arturos are pmbably taken from 
tlie means of the tmlire series of observations, and those means iiunvasing 
or (l(‘<*reasing as ihe number of years taken into oonsideration inereases, 
the departures are noe('ssarily not lioinogeueous. This lack of hoino- 
goneity lias no importane(\ since I fidjiisted tlie values, for each year, so 
they would correspond to the last annual departures (froin tlie normals) 
givcTi in the annual summaries of the ^^Monthly Weather Review/’ 

'The material which I have at hand consists of ten annual maps, giving 
the distribution of the annual departures from normal means, and oL* one 
luindred eight eonsoeutivo maps, showing the progressive changes of the 
map of each year into that of the following year. 

First of all, 1 must say that comparing the ten annual maps, obtained 
by utilizing district departures, with the ten detailed maps, described 
previously, one has to admit that the method of grouping the results of 
different stations to obtain regional averages is most inconsistent and 
defoetive. One can imagine how inefficient our daily weather maps would 
bo if instead of utilizing the values given for individual stations we made 
regional averages. Still, even such smoothed weather maps would give 
some idea about the position of lows, and highs and cold waves could also 
be located, though in a very vague and unsatisfactory way. 

On the consecutive maps I have drawn, the pleions and antiplcions are 
of course badly deformed and most interesting details are lacking, but 
the more or less progressive displacements taking place can easily be 
followed and the precise moments when the important changes in the 
distribution of lemporaturo occur arc detected without great difficulty. 
I will tliorefore compare the maps, simply in order to reach a bettor 
understanding of the transformations of the annual departure maps from 
one to another. 

1900-1901. The consecutive maps show that the antipleion of 1901 
came from the south and progressed westward over the Stales. After 
some minor oseillations of the quasinormal line,®® the upward movement 
of the antipleion starts with the map of September, 1900,-August, 1901. 
The annexed diagram shows the successive positions of this litio on the 
consecutive maps for the periods ending in August, September, October, 
November and December, 1901 (Fig. 38). The western pleion remained 
practically unchanged. 

“These quaslnormal lines deal with departures from normal values, and, evidently, 
differ from those of the maps expressing the distribution of departures from ten yearly 
means. 
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1901-1902. The western antipleioii of 1902 ia not the soullioastorn 
aiitipleion of 1901. The coiiheeutive maps show that the oentcr of the 
antipleioii remained nearly stationary over the Atlantic, east of (ieorgia 
or South Carolina, and that, at the end of the year, the negative area ex¬ 
tending over the States moved eastward. 

The following diagram (Fig. 33) shows the successive positions of the 
quasinormal line for the (*onsecuti^e maps of November, 1901,-October, 
1902, until January-December, 1902. The maps show an interesting 
feature concerning this antipleioii. Its disappearanc'O from the map was 
preceded by a progressive shrinkage followed by an expansion. The 
shrinkage began with April, 1901,-March, 1902, and continued until 
Juno, 1901,-May, 1902, when the quasinonnal line lay from Washington 
over Louisville and Memphis towards Vicksburg; then, the negative area 



Fig. 32 .—Suocesstie positions of the 
quasinormal line 


Fig. 33 .—Progresmne (Jlsplaiemciits of 
the antipleion of mi 


increased again progressively until November, 1901,-October, 1902, and 
was followed by the eastward movement shown on the diagram. 

The consecutive maps do not give a satisfadory a(*(*ouut of the forma¬ 
tion of the negative wave which, on the map of 1902, o.xiends heiweon the 
pleions of Canada and IMoxico. The ivgional depaiiure maps do not 
show the existence of the twoploionian ccnteis of 1901 (Fig. 23) until 
towards the end of the year. The movement of separation begins with 
December, 1901,~Novomber, 1902, and corresponds to the ra])id drift of 
the eastern antipleion towards the southeast. The westeni antipleion 
of 1902 (Fig. 24) came from the southwest and spread out, progressively, 
over the entire area of the United States. 

1902—1903. Evidently the quasinormal line of the consecutive maps 
is not the same as the quasinonnal line of the departure maps from the 
means of the decade 1900-1909, but the displacements shown and the 
transformation of the consecutive maps must be similar to those of the 
detailed yearly maps. I repeat this statement to avoid misunderstanding. 
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vcmbci; 190 5 These diagi nns sho\\ plainly tlni we do not lnv( to 
(leal with a bimple displdcomcnt iioni west to cast oi soulhwebt to noith- 
cast 

We see that the pleion and antipleion are not only dependent upon 
each othei fox then displacements bxit also ha^e a tendency to lemaxn on 
the continent The antipleion moving eastward displaceb the pleion, 
first noithwaxd then northwe«’twaxd and finally westward The pleion 
and antipleion move en Hot (onria-clockwiso 
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1903-1904 The nup of 1901, without a doubt, cxpiesscs the con- 
tmuation of this dynamic plienomcnon The change, liowcvci in the 
lebpectne positions ol the two centeib is not pio^iessive The following 
foil! maps (Pigs 38-41) show indeed that loi Felnuaiy, 190)-Tiiiunv 
1904, the tempciatnie conditions weie still xeiy' simihi to those of 190 >, 
wlieieas foi Apiil 190 >-M ucli 1901, the distiibuiion ol llic nc^^itivi 
depaituics already had the clixiactci of tin mip ot 1904 T Ik clc\clop 
moiit of the western ploion i?vis delaxcd and it is onlv on tlio coiisccii- 
tiio map ending in November tint its miMiniini do\clopmcnt is leiclicd 
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1904-1905 The consecutive maps showing the fiansloimaiiun ol the 
iempeiatuie conditions oi 1904 into those ot 1905 aic inosl intcastmg, 
because they sho'w a slow and coiiriiuioiis movdntut I Ik pUioii and 
anlipluon lemam bound togethei and both lemun on the toiiimcnt, 
but the displacement is leversed and now it goes clockwise The follow¬ 
ing two diagrams (Figs 43-43) will be sufficient to domonstiale inter¬ 
mediate stages between 1904 and 1905 The fiist one is of the twelve 
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monthly m(ans (iidirii]; with b\biuu\ 1905 and the s((on(l i^ivcs the 
distnhiilion ol the d( |)aiiuus oi Fiil^ 19()l-Fnn( 1905 

1905-190() I Ik nn]) ol 1905 (b iv,s >7 iiid II) sIionns a lujft pluon 
in ( uudi niollui on 11 k \\<si Indus nid lloiidi uid in (xicnsivc 
intipldon with iwoitniiis oiu in I(\is ind tlu oilu i (ii \o\ i S((tn 
I Ilf (ons((utnc niijiol IchiiUM 1905-I mu u\ I90(> (1 15) sliow*- 

tlu tuo])l(ions jouud Ou^dlui stpii liin^ tlu tuo intipkionun c(nl( is 
llu loilowin^ mips show tlu sliiltiii^ uul finil disippc u ukc (1 tlu 
ncrtluastdii antijiluon but llu southcin oi soutlwcstiin uitipUun n- 
iniins iiiKlciu^ni^ snnll (liuiw.ts ol position oi o\tcTit 
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The \aiiation ol the dcpailiius is of some intdcst llu hi^lu^t d(- 
paituic in the noith is +V 1, loi 1905 in the Noith Dakota distrut 
+ 2M, foi Fcbniaiy, 1905lOOG +2° } foi Mauli, 1905- 
Pebruarj, 1906, aud then detnases to + 1° 0 and atUiwaids nuTeascs 
again piogiessivcly until FoAtmlHr 1905-0(tobti 190() mIkii il u,ul)( s 
+ 2“ 5 At the center of the antipU ion, the negative depaitines tor the 
first thiee ronsecutive maps aie — 1 “ 4, — 1 ® 1 and — 0° « A generaf 
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increase of tempeiainre takes place all over the States, m the pleionian 
as well as m the antipleionian area Then, towaids the end ot the year, 
the ncgati\iiy of the antipleion incieases with the ineieasc in posjti\iiy 
of the plcion 

The contrast between the positive and negative depaituics dtcicas(d 
and then mcicascd This paiiicular case sliows theieioic veiy well the 
impoitaiice oi iiiinoi oscillations, taking place independently ot the dis¬ 
placement of pleions and which, at the same time, may inteiest laigcr 
areas than those co\eied by pleions and antiploioiis 3 lopioducc only 
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the hist two conseentne maps showing the ]iinctioii of Iho two plcions 
(figs 44, 45) The othei maps simply illusti itc a piogiossivc disxp- 
peatance of the southeastern center and the minoi obcillations ot the 
southern antipleion 

1906-1907 The maps of 1906 and 1907 (Figs 28, 29), by their pre¬ 
cisely opposite character, seem to indicate a simple seesaw oscillation in 
the distribution of tempeiature 

The consecutive maps contradict this supposition The following dia* 
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grams, representing the conditions for 1906, February, 1906,-^anuary, 
1907, April, 1906,-Marcli, 1907, and June, 1906,-May, 1907 (Figs. 46- 
49), show that the transformation began with a slight rotary movement, 
followed by a displacement of the pleionian center from the north to¬ 
wards the south, and then by a displacement of the pleion towards the 
west and of the antipleion towards the east. 

1907-1908. The pleion of 1908 (Fig. 30) is so similar to that of 
1907 that one would think that nothing extraordinary happened during 
the year and that there was simply a shifting of the pleion towards the 
northeast. In reality, the consecutive maps show that the pleion and 
antipleion moved first around, with the hands of a clock, so that for 
February, 1907,->Tanuai7, 1908, the quasinormal line had already ex¬ 
tended from ITorth Dakota towards Tennessee and Virginia, as is sIioto 
on the following diagram (Fig. 50), then the antipleion extended farther 
south (April, 1907,-March, 1908). and from then on it was driven away 

progressively in a northeasterly 
direction. The lines of the dia¬ 
gram show the successive posi¬ 
tions of tlie quasinormal lino. 
The 1908 western antipleion is, 
in June, 1907,-May, 1908, al¬ 
ready on the plateaux and from 
then on its negativity increases 
progressively. 

1908-1909. Finally, the last 
twelve consecutive maps show 
that the axis of the pleion of 1908 
first turned sliglitly to a north- 
south direction, then moved eastward, then back again to tlie west. For 
November, 1908,-October, 1909, there were two pleionian centers, one 
in North Dakota, the other in Texas. The advance of the antipleion 
towards the northeast is seen only on the last consecutive map. 

So far, the consecutive maps have seri^cd only to explain the tmnsfoi’- 
mation of the departure map of one year into that of the following year. 
One might be satisfied with the results obtained, the consecutive maps 
having served their purpose in a satisfactory way. 

The principal conclusion gained is that the method used could be 
applied to seasonal forecasting; but it is evident that, for such a purpose, 

^ it would be necessary to draw the consecutive maps as correctly as possi¬ 
ble, by calculating the means for all the individual stations. 

It is also evident that the same would have to be done for the rainfall 



Pig. 50 .—DUphuemcnts of the quasi- 
normal line on the tonsecuttie de¬ 
parture maps of Fehruarif, imj-Jan- 
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data, the atmospheric pressure and the velocities and directions of tlie 
observed winds. 

In the present state of our knowledge of the phenomena governing the 
climatica] variations, however, it would be most unscientific to tiy to 
make seasonal forecabtings, since, at present, we see only tlie possibility 
of arriving at practical rosultb by pursuing patiently the research work 
in a well-established direction. With the immense amount of work which 
yet remains to be done before a clear understanding of the climatical 
variations will be reached, any test of the method employed, in order to 
show its practical value, would be completely out of place. 

To show how each step forward leads to new questions to be solved 
and new research work, having apparently nothing in common with the 
pursued purpose, 1 will note a few problems arising from a closer ex¬ 
amination of the consecutive maps. 

First of all, during the y('arb 1900-11)00, the pleions as well as the 
antipleioLs displayed a tendency of perhibtcnco. Nf> seesaw movement, 
betwe(m a pleion and an antipleion, leading to the gradual (li^ap])earance 
of both and then to the formation in ^silli of a pleion on the place for¬ 
merly occupied by the antipleion and vi<'e \ersa, could l)i‘ traced, llinor 
seesaw oscillations took place, but they served sim])1y to increase or de- 
creabe the contrast between the ])leionR and antipleions v ithoiit destroying 
them. Together with a tendency to persist goes a tendency of displace¬ 
ment. These displacements are generally gradual and continuous, but 
sometimes they may be very rapid and in striking contrast to the nearly 
stationar}' conditions which preceded or followed the rapid change of 
position. The problem is, ihen, to know what makes a pleion i-cniain on 
the map dui’ing several years and what makes the pleion move from one 
region to another. 

Another fact is the tendency of tlie ploions and anlipleions to remain 
on the continent. In other words, the plionoincnon of the variation in 
the distribution of the anomalies of yearly temperatures in North Amer¬ 
ica is to a great extent a purely North Ameiican phenomenon. 

This leads naturally to another question of some importance. The 
pleions and antipleions seem to be correlated or bound together. One 
depends on the other, and if one moves the other moves. The area of the 
North American continent seems not to he wide enough for the simul¬ 
taneous presence of many pleions and antipleions. In order to remain 
on the continent, the motion of a pleion involves a displacement of the 
antipleion in an opposite direction. A rotai^ movement is the conse- 
,quence. It is a pendulation. 

, The following diagram shows in a schematic way the pendulations of 
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the pleionian center (Fig. 51) and expresses simply the tendency of the 
displacements, during the years 1900-1909, and may serve as an illustra^ 
tion facilitating the comprehension of the problem. For precision it 
would have been necessary to have detailed consecutive maps. 

The principal problem is of 
course, what keeps the pcndula- 
tion going? Without some exte¬ 
rior iinpulse, the movement would 
(lie out or could not even origi¬ 
nate. It seems to me highly im¬ 
probable that a mechanical work¬ 
ing as is exhibited on the diagram 
could be due to variations of the 
Atlantic ice conditions. Without 
doubt, it is the cause of the for¬ 
mation of pleions A\liich, repeating itself more or less periodically, gives 
the impulse to the clockwork. 

The Eussian pleions have sho\\Ti some correlations with the equatorial 
variation of tempeiuture, illustrated by the consecutive curve of Arequipa. 
The consecutive curve of New York also belongs to the Arequipa type. 
We see now how the tendency of the pleions to maintain their existence 
complicates the problem of their inode of formation or origin. 

The following diagram (Fig. 52), which expresses graphically tlie last 



Fig. 51. —Pleionian pend illations 



Fig. 52. —Pleionian amplitudes and the Arequipa curve 


problem I have to mention m connection with the study of consecutive 
maps, shows plainly that, independently of the pendulations, the Are- 
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quipa ■variation affects the entire system of Xorth Amencan pleions and 
antipleions. 

I have taken the differences hoi ween the highest and lowest depai^tures 
for each map, in other words, the total ainplitiido between pleions and 
nntipleions. The curve is reversed and 1 ha^e drawn the Areqnipa cniwe 
nndernonth to make the comparison easier. From 1000 until 1006 these 
two curves are similar. Jletwocn 1006 and 1907 an interesting anomaly 
is noticed. The Areqnipa iemperatures decreased from 1900 to 1909. 
In the United States, the differences between })leions and antipleions were 
also decreasing during that period of ^’■cars. 


Consecutive Temper\turi^ Curves for Sever\l St\tions jn tiie 

United Stites 

In order to simplify Ihe work, it uas necc^saiy to lake into considera¬ 
tion the consecutive means of district data, and it is evident that the 
overlapping maps obtained from these ligiiros are but a liisi approxima¬ 
tion. I wdll now complicate* tlu* problem anew by showing how tlie pass¬ 
ing pleions and antipleions affected the snccessioii of moans observed at 
individual stations. 


Tablk V .—hlvtrvmv mlucH of oouHvmtivc meaitH 
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Not taking into account, at present, the actual monthly means, T will 
examine the consecutive annual means, or rather the curves expressing 
graphically the variations of these figures. 

The stations for which T made the necessary calculations are Eastport, 
Portland, Me., New York, Washington, Raleigh, Savannah, Tampa, Key 
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West, Sault St. Marie, Duluth, Havre, Miles City, North Platte, Wichita, 
Shreveport, New Orleans, Eureka, Los Angeles, El Paso and Corpus 
Christi. In figures 53--5t), I reproduce the diagianis obtained and in 



FxG. 53 .—Oonhecutive tempetature cwvea of Atlantic coaH etationa 


Table T, I give the values of the highest aud lowest consecutive means 
.and their differences in “F. and “0. 
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The cams of the stations along the Atlantic coast have already been 
published in uiy paper on the climatieal changes recorded in New York 
City. Tn that paper I said: 

“The Arequipa curve descends; all the others, on the contrary, are ascending 
curves (Fig. 53). This contrast leads to the conclusion that the pleionian 
crests are Independent of the long-range variations. Annu al departures from 
ten-yearly means may therefore lead to very erroneous conclusions. At Are¬ 
quipa, for example, the annual means for 1901 and 1902 are higher than the 
average of the decade taken Into consideration; they form positive departures, 
although belonging to a depression of the curve. 

“This is a strong argument against using such departures without consider¬ 
ing at the same time the trend of the curves. Now, the Arequipa curve has 
four crests and four depressions. So has the curve of New York. The most 
important difference between the two curves is that the maxima and TniTiiTnii 
of the curve of New York occur a few months later than those of Arequipa. 
One may say about three months later. 

“All the other curves are identical with the curve of New York in some 
particulars. For example, the depression of 1904 appears on all the curves. 
It occurs sooner in Tampa and Savannah than in Raleigh, Washington and 
New York. In Portland, and oven more so In Bastport, this depression is 
very much retarded. The first crest in the Bastport curve, furthermore, re¬ 
appears, although greatly diminished, in the first depression of New York, 
which later corresponds to that of Arequipa. One can follow the gradual 
attenuation of this feature going south. For 1902 we have a positive de¬ 
parture in Bastport belonging to a pleion. This pleion (1901-1902) has evi¬ 
dently nothing in common with the equatorial variation of Arequipa and the 
other tropical stations. It is another wave having another origin and whose 
occurrence is marked all along the Atlantic coast in the midst of the anti- 
pleionlan deficiency of temperature. About 1905 tlie curves of the southern 
stations differ greatly from the Arequipa curve. Tlie curves of the northern 
stations, on the contrary, are similar to the curves of Arequipa and New York, 
except at the end. In Bastport we indeed notice a crest between 1909 and 
1910 which is not a retarded crest, and going south, we observe the same 
attenuation of this phenomenon as between 1901 and 1902.” 

I will compare the oilier curves in a similar way. 

In the following diagram (Fig. 54), I reproduce the curves of Miles 
City, Duluth, Sault Si. Marie and Eastport. These curves are very much 
alike. The only striking diflEerenee is that the variation of Milos Oily is 
more or less in advance of the others. 

The curves of Fig. 55 are those of the line of stations between Havre, 
Mont., and Hew Orleans. The variation of Hew Orleans is to a certain 
extent opposite to that of Havre, and so it is most interesting to compare 
the diagrams one by one and see how the features of one curve gradually 
disappear in favor of those of other curves. The curve of Wichita, in 
particular, has a most unsettled appearance, since it participates in the 
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variations of the northern plateaux as well as of those of the Gulf. A 
certain similarity with the curve of Aachen (Pig. 11) is undeniable. 
Some other localities of the middle states would give perhaps even a 
better example of an unsettled variation. 

Pigure 56, on which the consecutive curves of Eureka, Los Angeles, 
El Paso and Corpus Christi are reproduced, shows that on the Pacific, as 



Fig. 54 .—Temperatute variation of Montana {Milea City) compared with that of 

Maine {Eaatpoit) 

well as on the Atlantic, the pleionian variations are veiy pronounced, 
presenting a striking difference with noithwestem Europe. Moreover, 
the curve of Eureka is simil ar to the Arequipa curve, and even shows 
exceedingly interesting small details of the Arequipa curve, details which 
cannot be ascribed to chance circumstances. It is also worthy of note that 
the Eureka variation is in advance of that of Arequipa. The pleionian 
crest of 1904—1905 is evidently out of the question. This pleion appears 
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even sooner in Los Angeles, where it corresponds in time to the principal 
antipleion of the curves of New York and Arequipa; but hrachypleionian 
particularities, such as the V-shaped depression of March, 1909,-Febru- 



Fiq. 55 .—Temperature vaHations in Montanaj NebraaJca, Samae and Louiaiana 


arj, 1910, appear later in Arequipa than in Eureka. The El Paso curve 
shovre a variation opposite to that of Arequipa and retarded. The Corpus 
Christi curve is more complicated, opposition and similarity of variation 
being combined. 
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We may say^ therefore, that the consecutive cui-ves of temperature for 
the United States, if compared with the Arequipa curve, may belong to a 
direct type similar to the Arequipa variation (considered as a standard 
of the equatorial or direct variation), or to an inverse type.^^ Some 
curves, it may be added, must be called indifferent, since, to a certain 
extent, they belong to both types of variation at the same time. Finally^ 
there is the independent type. 



Pig. 56 .—Compariaon of variatione tn California and Texas with the Arequipa curve 

Most curves may belong, temporarily, to one type or the other, but this 
is not a complication, because, if the results gained from the comparison 
of the consecutive maps are kept in mind, it is plain that it could not be 

XI Compare the maps published bj Fbane H. Bigelow ; “Studies on the circulation of 
the atmospheres, . . Monthly Weather Review, Vol. 31, p. 616. Washington, 
1903. Also: Sir Noeman liOCKYBR and Wm. J. S. Locktbe: “The behaviour of the 
short-period atmospheric pressure variation over the earth’s surface.” (Proc. Roy. Soc.. 
London, Vol. 73, p. 457. London, 1904.) 
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otherwise. Since the pleions displace themselves, the crests of the curves 
cannot occur simultaneously everywhere, and since it has not been possi¬ 
ble to detect important and persistent seesaw centci'S, it seems a priori 
very improbable tliat the direct and inverse types of variation could be 
characteristic for certain given locations. Therefore, there is no fixed 
location for the invoi‘se or compensating type. 

An inspection of the consecutive curves shows, however, that in New 
Mexico, Arizona and Southern California the existence of a center, where 
the variation displays a striking preference to belong to the invei*se type, 
may be suspected, and that, on the contrary, in Pennsylvania and Oregon, 
the direct type must be predominant 

Are these locations centers of origin of pleionian variations? Not 
necessarily. Besides, the records of only ten years of observations are 
insuflficient to give definite results. Even such as it is, the result gained 
leads to further investigations in regard to the question of the mode of 
formation of pleions in situ. 

Leaving this question as an unsolved problem, I will pass to another 
most puzzling subject. 

Since, for certain parts of the United States, the consecutive tempera¬ 
ture curves belong to the direct type,—^that is to say, are similar and 
coincide more or less in ^ime with the equatorial curves,—^the impulse 
producing these variations must be the same as that which produces the 
tropical variations. This impulse is evidently extra-terrestrial. There¬ 
fore, where the variation is direct, the departures of temperature will not 
be due to abnormal conditions of atmospheric circulation but will, on the 
contrary, produce such changes of atmospheric pressure, wind direction 
and velocity, etc., as may be characteristic for pleions or antipleions. On 
the maps the pleions do not disappear: they move away. 

Now the question is how—^in a direct type of variation—^the pleion 
corresponding to the second crest of the consecutive cim^e is renewed. 
Is it the same pleion coming back from the region it was pushed away 
from by the formation in situ of the direct antipleion, or is it a new 
pleion, and if so what became of the first one? 

Tjet us call the pleionian crests of the Arequipa curve A, B, C and D 
(Fig, 1). The consecutive maps show that the crest B of New Tork 
went northwest over Canada and then southwest towards California. The 
pleion came back nearly the same way during 1904-1906. The crest C 
of New York is therefore the same as B; but, if we try to follow this 
pendulation on the consecutive curves of individual stations, we do not 
succeed very well. This is because, as has been shown in Fig. 52, tlie 
amplitude of the departures changes independently of the pendulation. 
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The plcioab pendulate and surge at the same time. An old ploion may 
be reintensified. In the case of the pleions B and C the surging is noth¬ 
ing but the superposition of a new pleion upon an old one, so that C is 
the residual of B, plus a new impulse produced in sitmunier the influence 
of the direct solar action. In this way, it is conceivable why the pleionian 
variations may be more important on the Nortli American continent than 
the identical variations in tropical regions. 


About Tempbratube Variations and the Changes op the Arctic 

Ice Conditions 


In order to connect the European annual departure maps with those 
of the North American continent, I utilized the results of the observa¬ 
tions made at St. Johns, N. F., TTpernivik, Jacobshavn and Ivigtut, on 
the west coast, and Angmagsalik, on the east coast of Greenland, those 
of the Icelandic stations Stykkisholm, Vestmanno, Grimsey and Berufjord 
and, finally, the observations made in Thorshavn of the Faroe Islands. 
For information about the variations which occurred on the Atlantic 
Ocean, I took the results of the observations made in San Juan (Porto 
Eico), HamDton (Bermuda), Angra do Heroismo and Ponta Delgada 
(Azores), Funchal (Madeira), St. Vincente de Cabo Verde and, finally, 
those of St. Helena, 

The St. Helena observations were extracted from a repori of J. S. 
Dines.®^ The Portuguese data were kindly sent to me by the Director of 
the Observatory of Lisboa, in manuscript for the years 1906-1909 and in 
printed form for the previous years,^® The data for Bermuda were copied 
from the ^^Monthly AVeather EevieV^ and the reports of the Meteoro¬ 
logical Service of Canada. Those for Porto Eic(^ were sent to me by 
Section Director Oliver L. Fassig. The results of the obseiwations made * 
at Danish stations w^ere sent to me by the Director of the Meteorological 
Institute of Copenhagen.®® Finally, the data for Newfoundland wore 
copied from the Canadian Reports. Unfortunately, for the period of 
years taken into consideration, only the records of St. Johns are complete. 

It would have been very desirable to have some records for Labrador 
and the Hudson Bay* region, to obtain a closer connection between Green¬ 
land and Canada, but the distances between Ivigtut and St. Johns, Father 
Point and Quebec are so much smaller than the ordinary pleionian dimen- 


« John Somers Dines : Climatological tables for St Helena, with a report on . . . 
(Meteor. Office Publ. No. 203: The trade winds of the Atlantic Ocean, London, 1010.) 
Anaes do Observatorlo do Infanta d. Lnis. Obsarvacoes dos postos meteorologicos. 
»Meteorologisk Aarbog . . . Anden del: Faerbeme, Island, Orbnland og St Croix. 
Udglvet a£ det danske meteorologlske Institnt 
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sioius, that it is perfectly safe to say that the records of Greenland and 
Iceland are entirely snfi&cient for the purpose of the questions I had to 
solve. 

In Table VI, 1 give the annual departures from the ion-yearly means 
of temperature for the stations now taken into consideration, the dia¬ 



grams (Figs. 57-60) express graphically the succession of consecutive 
means, and in Table VII, I give the highest and lowest of these values 
as well as their differences. 
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Tlio following questions may be taken into consideration: 

1). Js there any trace of the Arequipa variation on the consecutive 
curves of Arctic stations? 

Ji). ITow far do the pleionian variations of the Noi’th American conti¬ 
nent extend over oceanic areas? 

3). Ts there a system of Atlantic variations independent of those of 
Europe and Nortli America? 

•1). What are tlie connections between the continental variations and 
those observed iji the Arctic regions? 

5). Do tlie Arctic ice conditions influence the variations of annual 
temperatures observed on continental areas? 



Pro. 58 .—Temperature variations in Newfoundlanif and Maine 


The curves on Fig. 57 give an answer to the first of those questions. 
Two types ai-e distinguishable: the west Greenland typo, best represented 
by the curve of Jacobshavn, and the Icelandic, or lei us say Orimsoy type. 
Angmagsalik, on the east coast of Greenland, belongs to the Icelandic 
type and the curve of Ivigtut is transitional, since it is similar to the 
euiTe of Jacobshavn until 1905 and very much more like the curve of 
Angmagsalik after 1905 or 1906. 

If we compare the cuiTes of Jacobshavn and Grimsey with the Are¬ 
quipa curve we must admit some similarities which are too well pro-, 
nounoed to be ascribed to a simple chance circumstance. With the exrl 
ception of the part comprising the consecutive means of February, 1903,- 
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January, 1904, to October, 1904,--Septeinber, 1905, the Grimsey curve 
shows b11 the crests and depressions of the Arequipa curve slightly re¬ 
tarded. Jacobshavn, on the contrary, is in advance of Arequipa. 

Grimsey is a small island situated on the Polar Circle, north of Ice¬ 
land, and the latitude of Jacobshavn is 69® 13' N. Both of these stations, 
therefore, are under the influence of polar currents and polar ice. 

If the consecutive temperature curves oC these stations display simi¬ 
larities with the Arequipa curve, and, in consequence also with those of 
Bulawayo and Mauritius, we must admit that it is absolutely out of the 
question to search for an explanation of these variations in the changes 
of polar ice conditions. 

The second question could not be answered by a simple inspection of 



Fio. 59 .—TerntfCratute laiiatious In the Azoie^, Madeira and Cape Verde lei, 

the departures given in Table VI and the curves of consecutive means 
of Figs. 59 and 60. Therefore, I have drawn maps showing the probable 
connections between the European and American pleions. The jnap for 
1909, which I reproduce here (Fig. 61), may serve as an example. 

On this map there is a continuous chain of pleionian centei*s extending 
from northeastern Euseia over Greenland and Labrador towards Texas 
and probably Mexico, The quasinormal line goes between Iceland and 
the Faroes, the departures being + 0®.2 in Beiufjord and X^estmaund 
and —0®.4 C. in Thorshavn. In the latitude of Newfoundland, tlie 
quasinormal line must go between the continents and run in a southern 
direction towards the Azores, where Angra do Hei'oismo belongs to the 
American pleions and Ponta Delgada to the western European antipleion. 

The other maps also show, in a convincing way, that there can be no 
question of a special Atlantic variation. Parts of the Atlantic area be¬ 
long to one pleion or the other or are covered by an antipleion separating 
pleions. 
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The fourth question, ‘‘What are the connections between the conti¬ 
nental variations and tliose observed in the Arctic regions can best.be 
answered—with the maps on hand—by saying that the north polar annual 
temperature changes Form, probably, an intrinsic part of those occurring 
in Euinpe, Siberia and l^orth America. The ice-covered Arctic Ocean 
connects Nowaya Zcmbla and the Siberian shores with Arctic America 
into one immense continental area. On this area, plcions and antiploions 
are foimed and conjugate into one system. 

The question, “Do the Arctic ice conditions influence the annual tem¬ 
peratures observed in Europe and North America?” ought therefore be 
reversed into the (piestiou, “How do the pleionian—or let us say the 



Fto. GO ,—Temperature curves at Helena, Arequipa, Porto Rico and Bermuda 

Arequipa variations—influence the ice conditions?’' This is a very wide 
subject, about which much might be said. 

Air temperature is only one of the factors influencing the drift of polar 
ice. Ocean currents, and especially the winds, are more important factors 
than temperature. It is very well known that in the Arctic, as well as in 
the Antarctic, the ice conditions of certain regions may vary considerably 
one year from another and, from the knowledge gained in the North 
American archipelago—^the Northwest Passage in particular—^wo must 
infer the existence of long-range or even secular variations. 

The quantity of icebergs drifting down into the path of the transat¬ 
lantic ocean steamers also varies considerably. The same may be said 
«.bout the Antarctic. 
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Speaking of ice conditions we must make a distinction between ice¬ 
bergs and sea ice, the conditions under which these two kinds of ico are 
produced and drift being absolutely different. 

Icebergs are anchorcMi deep in the uatcr and arc mucli less innueuced 
by the direction of tlie winds than by the ocean currents. Tliey originate 
at the glaciers. The quantity of icebergs carried down through Davis 
Strait, for example, and along the Newfoundland Banks, will depend 
mostly on the factoi‘s which acted upon the flow of the glaciers. Sup¬ 
posing normal conditions of the glaciers (for example, a regular advance)^ 
a succession of cold years followed by a warm year and, in particular, an 
abnormally warm summer, will favor considerably the production of 
icebergs. 

In 1909, for example, much ice wa^ noticed in the Atlantio.^^ 

The consecutive temperature cuiwes of TJpeinivik and Jacobshavn give 
an explanation to this fact. During 1906 and 1907 we notice a remark¬ 
able depression in the curves (Fig. 57), followed by a steep ascent, culmi¬ 
nating, in 1908 and 1909, fai^ier south, in Ivigtut. 

The drift of polar sea ice, on the other hand, is a most complicated 
phenomenon. In the Antarctic, the conditions are very much simpler 
than in the Arctic, and, even there, the drift is far from being a simple 
function of the velocity and direction of the wind. 

For the north polar basin, the distribution of the surrounding lands 
and islands, and the existence of well-pronounced ocean currents, compli¬ 
cate the ice-drift to such an extent that the possibilities of a successful 
study of the correlations between the anomalies of the meteorological con¬ 
ditions and the abnormal changes of the ice conditions is e\idently most 
problematical. 

The observations collected by the Danish Meteorological Institute and 
printed eveiy year concern the ice conditions during the navigable season 
only and are naturally restricted to the peripheral areas of ilie fros^en sea. 
In some waters, we have to deal with winter ice, 'which must molt away 
during the summer; in other w^aters it is old drifting polar ice which 
hinders navigation. To correlate these variable ice conditions, of the 
navigable season of some amtic seas, with atmospheric temperature data 
of distant stations is a task 'which can lead only to very uncertain resul'ts. 


» special reprint of the Nautical-meteorological Annual of the Danish Meteoro- 

lo^cal Institute, “Isforholdene 1 de arktiske Have, It is said: 

“Off New Foundland and on the transatlantic steamer routes uncommonly much ice 

As early as February there was much Ice, anff 
from March to Ju y the conditions were more unfavorable, than they have been for 
Jf* icebergs held out uncommonly late^ the navigation being much ham¬ 
pered at Cape Race as late as August It was not till September that the Ice com- 

rffShwe off ^ Belle-Isle Strait and far 
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Nevertheless, comparing the yearly temperature departures of the Ice¬ 
landic stations and Angmagsalik, on the east coast of Greenland, with the 
state of the ice in Denmark Strait and north of Iceland, one finds that a 
correlation is undeniable. 

Now, why is the variation of Qrimsey (Fig. 57) so much more accen¬ 
tuated than that of Berufjord or Vestmanno? It seems evident that the 
proximity of the ice must be the cause. 

Consequently, the Icelandic consecutive temperature curves could be 
taken as an example proving the influence of the ice on the variation of 
temperature. The ice conditions of Denmark Strait must greatly influ¬ 
ence the temperatures of Grimsey, especially some of the monthly means, 
by accentuating them one way or the other. It is not, however, the ice 
which causes the obseiwed variations of temperature producing the for¬ 
mation of pleions and antipleions. The departure maps I have drawn 
show this plainly. 

The changes of ice conditions arc more or less local phenomena re¬ 
stricted to small areas; the formation and development of the pleions and 
antipleions, on the contrary, are a universal phenomenon. 

Conclusions 

In the case of the annual departures of temperature for the years 1891 
to 1900, which I utilized in my previous investigations, I dealt with the 
results of observations made all over the world and gained therefore some 
precise knowledge of the distribution and extent of the pleions and anti¬ 
pleions, and found that the years 1893 and 1900 were particularly inter¬ 
esting, the first being a year of predominant antipleions and the second 
being a typical pleionian year.®® 

In 1900, the pleions were not only very acconluated, with exceptionally 
high departures at their centers, bxrt the areas they covered were fused 
together in such a way that the antipleions appeared as isolated patches 
on a pleionian background. The year 1900 was exceptionally wai*m, the 
temperature of our atmosphere being above the average, the negative 
areas being insufficient to compensate the excess of temperature of the 
positive areas. 

In some cases,—^the map for 1909 (Fig. 61) shows it plainly,—conju¬ 
gated pleions form bands of very extensive dimensions. In other cases, 
there are intercrossing pleionian bands forming a real network with 
antipleionian patches between. 


op, cit, p. 123. 
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Therefore, since, as has been demonstrated in this memoir, the Are- 
quipa variation is not exclusively an equatorial phenomenon, but appears, 
more or less modified, in North America, Europe and even in the arctic 
regions, the question is whether the years of conjoined pleions do not 
correspond to crests of the Arequipa curve and whether the depressions 
of this curve do not correspond to years of isolated pleions in a net of 
conjoined antipleions. In fact, the maps for 1900—1909 show that the 
years 1904 and 1907, closely following the Arequipa depressions, are years 
of conjoint antipleions, and that the years 1900, 1908 and to a certain 
extent 1905, are pleionian years with isolated antipleions. 



Fig, 61 .—Pleionian connections 


The existence of macropleionian variationa, the close correlation of the 
pleionian phenomenon with the Arequipa variation, the compensating 
antipleions, and, finally, the dynamic character of these climatic changes, 
eliminate, it seems to me, the hypothesis attributing such changes exclu¬ 
sively to the presence of variable quantities of volcanic dust in the higher 
layers of our atmosphere. 

Variations of the solar radiation must be the real and most important 
cause producing the changes of our climates and keeping them in a 
dynamic state. 

The elaborate investigations pursued at the Smithsonian Astrophysical 
Observatory, and the Mount Wilson Observations in particular, give 
striking support to this conclusion. 

In fact, considering the means of the solar constants, observed at Mount 
Wilson during the summer months of 1905, 1906, 1908, 1909 and 1910, 
and comparing the differences of these mean values with the correspond- 
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ing differences of temperature in Arequipa, one arrives at the conclusion 
that a difference of 1° J?. corresponds to a change of 0.01 of the solar 
constant. 

It would be premature to conclude that the brachyplcionian, the 
pleiouian and macropleioniaii variations are simply due to corresponding 
variations of the solar constant. Other factors may indeed complicate 
the phenomenon, further research into the variations of the climates of 
Asia, South Africa and Australia, in particular, must be made before 
any definite conclusions can be reached. It is also evident that the sea¬ 
sonal dianges of temperature, atmospheric pressure and rainfall have to 
be taken into consideration. T intend to do this. 

In this paper, T have shown that in far distant regions of the globe, 
simultaneously with the appearance of the Are(iuipa crests, pleions are 
formed; that these pleions have a tendency to persist; that, in order to 
persist, one must displace another. Pleions and antipleions are corre¬ 
lated: if one moves, the other moves. In North America the displace¬ 
ments seem to be confined to the Noi-th American continent. In conse¬ 
quence, the pleions must pendulate from one side to the oilier. More¬ 
over, the differences between the pleioniau crests and the antipleionian 
depressions of temperature change. These changes of amplitude seem to 
be in immediate correlation with the equatorial changes of temperature. 

The Arequipa curve may, therefore, be considered as a very convenient 
standard for the study of all the complicated phenomena of climatic 
variations, and of those observed in North America in particular. 

It appears now perfectly evident that a more detailed study of the 
Arequipa variations will advance very greatly the problem of correlations 
between solar and terrestrial phenomena. 
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Introduction 

The great economic importance of interbedded iron ore deposits has 
teen recognized for many years. Two types of these ores may* be cited 
as notable examples: first, and possibly most impoitant, are the Clinton 
licmatites extending along the Appalachian system of mountains for 
nearly two thousand miles and having their greatest development in the 
Birmingham district, Alabama; second, the Wabana hematite deposits, 
on and near Belle Isle, NTewfoundland. 

The great extent, commercial importance and scientific interest of 
these Paleozoic interbedded iron ore deposits has long made tliem a sub¬ 
ject of painstaking exploration and study; the extensive development of 
them that has taken place during the last fifty years, and more especially 
within the last ten years, has made it possible to gather together a large 
amount of information of a detailed, and accurate nature that under 
other conditions would have been impossible. 

Underground mining has largely taken the place of earlier open-cut 
methods. At Wabana, for example, the ore is now being mined under 
the sea at a distance of two miles from the original open-cut workings. 
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III Birmingham and Attalla, Alabama; in (Minton, Now York, aiidi in 
many other places, the same conditions prevail, and hard ore under¬ 
ground mining has largely supi'rseded the soft ore open-cuts. 

Deep borings, in sonn^ eases nearly ‘’3,000 feel in depth and several 
miles from the present workings, have brought to light conditions un¬ 
known in former limes. (JeiielK* theories, advanced originally from a 
btiidy of outcrops and o])en-(*iit mines, undoubtedly would have been 
different, had the prosenl data been available at the time. Yet with all 
the data accessible at the present time and much literature within reacli, 
the question of the genesis of inlorbcdded Paleozoic iron ores, and more 
particularly the (Minton ores, is si ill in (*oiitrovorsy. Men of established 
reputation and wide experience adhere lo theories sharply at variance 
with one another. At least two and poshilily Ihroe such theories are still 
advanced and have the active support of men prominent in the mining 
and geological world. 

The practical importnii<*e of an at'cnrah' knowledge of th(‘ origin of 
these ores must not be overlooked. TTpon such knowledge depends the 
interpretation of conditions underground below tlie present zone of 
mining, the depth to which the ore may hi' expocled to go and the con¬ 
tinuance or change of richness of the ores. 

It has been the purpose of the writer to include in this paper a brief 
review of former theories and to discuss those theories in relation to re¬ 
cent field and laboratory developments, showing whore they fail to meet 
certain conditions now known to exist and therefore musl to some extent 
be altered or superseded. 

Further, the paper proposes and elaborates a theory of genesis which 
the writer has worked out in the field and laboratory and which, in order 
to separate from other theories and io avoid confusion, ho calls Iho ^^Arle- 
sian Replacement Theory.’^ 

In brief, the writer attempts to maintain iho following thesis: that the 
Paleozoic intorbodded iron ores of eastern North America, and more par¬ 
ticularly the so-called Clinton ores, are replacemenis of porous strata of 
ordinary mechanical sediments by iron oxide, the agency being ferrugi¬ 
nous waters acting under artesian conditions. 
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PAPT I. A STUDY AND CRITICISM OF PREVIOUS THEORIES 

The Silurian Eilv 

Whether the events that took place during the Silurian era were smdi 
as could give rise to immense dei)osits of iron ore precipitated as original 
material and thus forming contemporary sedimentary iron ore beds, or 
whether fo^^siliferous limestones and sandstones of a nature favorable for 
tlie later penetration of iron-bearing solutions wore formed daring a por¬ 
tion of this era, cannot probably be detennined without detailed study of 
probable land and sea conditions at that time: but if any extended study 
of tliese deposits is to be made, a knowledge of land and sea areas and a 
shidy of conditions that affected different kinds of deposits at the time 
the inclosing strata were laid down seem not only desirable but important. 

According to Dana, the North American continent at this time con¬ 
sisted of a broad land area extending from Alabama noi’thward (‘list of 
the present Appalachian system through Georgia, Tennessee, the Vir¬ 
ginias, Peiiusyhania and into New York, there turning wc^stward, skirt¬ 
ing the Great Lake region, then turning in a more or less southerly direc¬ 
tion through a portion of Wisconsin, then abruptly turning nortliward 
and running far into Canada. The soiitlioni and eastern portions of tins 
continent must have extended far out into the Atlantic occ'aii. On the 
west, was a fast closing sea area shut off from the cold waters of Llie 
arctic regions by rather extensive areas of the Arcliean shield. This left 
an immense interior sea and a gulf or bay nearly 800 miles long, favor¬ 
able to the presence of warm currents which undoubtedly greatly influ¬ 
enced life in the waters and temperature conditions on the land. That 
these conditions were responsible to a large extent for the texture, compo¬ 
sition and distribution of the Silurian strata, we cannot doubt. 

Quoting from S. W. McCallie ( 216 , p. 162): 

‘‘The region, however, of this tumultuous sea, with Its rapid, moving cur¬ 
rents, appeared to have been rarely of long duration. Scarcely had the deposit® 
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of Hand and pebbles been fairly inaugurated, when the work was brought to a 
sudden close by a deepening of the waters, or a change of sediments. The 
enfeebled currents were now enabled to carry only the finest sands and clays, 
the materials of which forrae<l the innumerable layers of shale. The later 
condition seems to have predominated throughout the entire Clinton epoch, 
but the fre<iueut tx^cnrreuce of sandstone marks Intervals of time and less often 
repeated, the conditions favorable for the deposition of sands and clays gave 
l)la(*e to conditions favorable to the deposition of limestone. The last iiamed 
conditions point to the clearing of the waters, and probably also the deepening 
of the sea. The thinness of the individual limestone beds would indicate that 
the conditions favorable for the <leposition were of short dm*ation. Yet, at 
the same time, the extended area o\'er whUdi they often occur shows tliat the 
conditions were widespreiid, and not confined to certain special localities. In 
the entii*e series of Clinton ro<*ks, from the beginning to the end, we here see 
no evidence of sudden upheavals or tilting of strata. The character of the 
sediment points only to general os(*illatious of the sea floor, many times re¬ 
peater!.” 

At the close of the Clinton, no marked changes took place till the close 
or near the close of the Niagaran period; then came a gentle uplift, as 
shown by the erosioiial unconformities. Tiiis emorgence eontiniierl well 
into the Middle Silurian. Before the close of the Silurian period, two 
more periods of elevation have been recorded. 

The layers of sediment that formed a poidion of tlie opieontinental 
shelf at the close of the Clinton era thus emerged from their original 
position and at the close of the Niagaran became a part of the coastal 
plain, the layers of the Clinton formation outcropping and thus placing 
their catch basins in a position favorable for the easy jx^netration of me¬ 
teoric waters charged with iron-bearing solutions. 

The following correlation table has been taken from Professor Grabau^s 
work ( 128 , p. 87): 

Silurir: ITm)er or Moiiroan.Hiatus and disconformlty 


Akron dolomite 
Bertie waterlime 


Hiatus and dls(jonformity 
Middle or Sallnan. Hiatus and disconfonnity 


Salina.... Oomillus 
Syracuse 
Vemon 
Pittsford 
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Lower or Nlagarau. Hiatus and disconfoimity 

Guelph 

Ijockport 

Itoehester 

Clintou 

(Dibconformity refevb to an eroslonal unconformity.) 

Tlie importaiLt points A\’ith reference to iron ore deposits to be deduced 
from the above described conditions appear to be as follows: first, a lliick 
beries of sedimentary beds of rapidly changing texture and comiK)sition, 
clays and shales, sandstones and longer continued but Jess frequent liinc- 
btone deposits; second, an in‘egular sliore outline with coiisequciit efiecls 
upon shape and size of sedimentary beds; third, a large area open to the 
constantly changing waters of moving and probably rapidly ino\ing 
ocean currents from the south; fourth, to the east, land areas of the older 
ci^stalline rocks of both acid and basic types, from which the iron salts 
were dissohed in the course of weathering; fifth, a long period of slight 
oscillations of the sea floor. After the deposits had been formed, they 
were slowly elevated, and laud areas were increased by a gi'adiml emer¬ 
gence of the sedimentary beds. Xo ^io]ent or pronounced folding took 
place until the beginning of the Appalachian resolution, but mild dis- 
conformities followed the slight uplifts accompanied by slight tilting. 

Erosion of the strata on this coastal plain ga\e access on the part of 
the ferruginous waters to the porous beds, in which the water soon devel¬ 
oped artesion conditions. 

Tuox Ore Deposits of the Clinton Formation 

The Clinton iron ore was first discovered in or near the town of (Min¬ 
ton, Xew York. It was found later to be very common throughout the 
Upper Silurian, and the same type occurs also in other geological hori¬ 
zons. It has been traced extensively throughout much of eastern North 
America along the folds of the Appalachian system. 

The Clinton ores are usually found interbeddod with blates, shales,, 
sandstones and impure limestones. 

TYPES OF ORE 

The (Minton iron ores are known bv varions names acc^ording to text¬ 
ure, composition and location. 

The fossil ores (Plates YIII, IX, XVI) are composed of large masses 
of marine fossils, such as bryozoans, corals, crinoid stems, bracliiopods 
and many other characteristic fossils of that age. Tliese fossils are usually 
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found in a very fragmental condition and have been wholly or partly re¬ 
placed and coated and cemented with iron^, or a mixture of iron oxide and 
calcite eomeni. 

The oolitic ores (Plates X, XX, XXI) arc composed of oolites of lienia- 
tite cemented together like the fossil ores, but containing the peculiar 
oolitic structures which have often been referred to as resembling fish roe. 
The oolites are made up of a nucleus of quartz or other mineral, coated 
in concentric rings or spheres with iron, usually in the form of red oxide. 

The flaxseed or "seed” ore is really oolitic ore and has the same pecu¬ 
liar structure. In some cases, however, the term refers only to a smaller 
grained oolite, such as that in Ohio and Wisconsin. 

Dyestone ore is the name given to the Clinton red hematite of Ten¬ 
nessee and some other regions because of the fact that it has long been 
used as a paint or dye; and even in very early times it was mined in a 
small way by near-by inhabitants for such purposes. 

The red flux beds refer to a lean seam or seams of fossil ore in northern 
New York, the highest iron-bearing seam of the New York Clinton 
formation, and found typically at Clinton, New York. 

Soft and hard ore are names used particularly for southern deposits, 
to denote the difference between unaltered ore and that which, as a result 
of weathering and a loss of soluble materials like calcite, has left a resi¬ 
due rich in iron oxide and high in silica; the resulting soft ore being 
rather more porous than the hard, and found at or within a few hundred 
feet of the surface. The hard ore, on the other hand, is called hard, not 
because of its actual hardness, but because it runs high in lime and has 
not been affected by surface changes due to weathering. If we were to 
dissolve the lime from hard ore, the result would be a residue rich in 
iron and silica and precisely like the soft ores. Because of the value of 
lime in fluxing iron ores, ihe hard ores of lower grade are much sought 
and extensively mined. The soft ores, originally supposed to be the only 
valuable ores, have been for the most part worked out; and the old open- 
cut mines have given way to the underground hard ore mines. 

EXTENT OF DEPOSITS 

One of the most interesting problems to be solved in a study of the 
origin of these iron ores is how any single theory of origin can account 
for a line of deposits extending over such an enormous area. Following 
the shoreline of the old Silurian land areas bordering the epicontinental 
sea, we find deposits intermittently all along the line (Plate VII). 

In Wisconsin, the ore occurs in Dodge County, attaining its greatest 
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importance at a place called Iron Ridge. This Wisconsin deposit is iso¬ 
lated and unlike the Clinton deposits found elsewhere, both in the shape 
of the body which appears to have resulted from filling of a local basin, 
and also in respect to the size of the oolites, which are smaller than the 
oolites found elsewhere and are peculiarly flattened. Professor Grabau 
of Columbia University (128, p. 77) has suggested tliat they may be 
wind-blown deposits in the nature of sand dunes, which have been buried 
and later impregnated with iron ore. 

The ore next appears in New York, beginning near Rochester, where 
it can be seen in the Genesee Gorge in Monroe County, and then extend¬ 
ing eastwardly through Wayne, Oneida, Madison and Herkimer Counties. 
In this state, the ore is being steadily mined at Ontario and Clinton. 
The most extensive development is that of the Borst properties, in what 
.appears to be a small bay of the old Clinton sea, covering possibly 2,000 
.acres near Clinton. Southward, we find the Clinton ores again outcrop¬ 
ping in Pennsylvania. Here the deposits extend in a broken belt across 
the central and southern parts of the state, including Montour, Snyder, 
Juniata, Blair, Bedford, Mifflen, Centre, Pulton and Huntingdon ('boun¬ 
ties. These occurrences form a belt of several parallel ridges which run 
southward into Maryland, where they appear in two beds in Allegany 
County. The ore then passes into West Virginia, where it appears in 
Mercer, Monroe, Greenbrier, Pendleton, Hardy and Grant Counties. 
These West Virginia deposits have been but little used or explored. 

The ores are then found in a few isolated sections along a line passing 
through the western part of Virginia and including Wythe, Giles, Bland, 
Tazewell, Russell, Scott, Lee and Wise Counties. These deposits have 
been worked to a limited extent but are for the most part in a Aery unde¬ 
veloped condition. 

The ore belt then passes through Tennessee, extending across the entire 
width of the state, a distance of over 150 miles, into Georgia. The Ten¬ 
nessee ores occur in Claiborne, Campbell, Rliea, Roan, Sequatchie, 11 am- 
blin and Marion Counties. Here, owing to the miidi-folded (‘ondition 
of the strata, many seams in parallel ridges appear running in a southerly 
direction into Georgia, In Georgia, the ore is found in Dado, Walker, 
Chattooga, Whitfield and Catoosa Counties. The ores of Dirtsoller, 
Gaylors, Taylors Ridges and Lookout Mountain all are of considerable 
interest. 

Prom Georgia we find the ore extending into Alabama, where it reaches 
its greatest development in the Birmingham district. It is found in 
Shelby, Tuscaloosa, Bibbs, Jefferson, Dekalb, Etowah and St. Clair 
Counties. 
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Two oilier separate occurrences of this Clinton ore have been noticed. 
One of them is a short spur extending from Kentucky into the southern 
portion of Ohio. In Kentucky, it appears in Bath, Montgomery and 
Fleming (bounties. In Ohio, it is found in Clinton, Adams, Highland 
and Muskingum Counties. The other occurrence, wliich is of no present 
importance, is tliat of Missouri, where in Holt County a deep borehole 
revealed a seam of fossil ore in what appeared to be Clinton strata. 

From this outline, it is clear that these deposits am of gi-eat extent, 
and that this feature must bo reckoned with in accounting for their 
origin. 

Otiiuii Paleozoic Deposits 


WABAMA DEPOSIT, NEWFOUNDLAND 


The Wabaiia deposit, one of llie largest deposits of interbedded iron 
ore in the world, is located on Belle Tslc, in part, and extends for a con¬ 
siderable distance under tlie waters of Conception Bay, Newfoundland. 
The properties have been estimated to contain 3,635,000,000 tons of 
hematite iron ore (170, ])p. 74/>-158). 

Conception Bay on the east is bounded by a shore of Huroiiian strata, 
which overly an anticline of Laureiiiiaii age, but are not conformable 
with it. The westeni shore, of the bay is regarded as pre-Cambrian. 
Between these shores is a great synclinal trough of sandstones, slates and 
shales of Cambrian age. The upper strata forms Belle Isle and contains 
six beds of hematite, two of which are being worked at present. They 
show the following section (Symons; 328, p. 1009): 


Eoet 

Shales. nc 

Hematite. 1 

Sandstone. fj 

Hematite. 1 

Sandstone... 2 

Hematite .... 

Sandstone. 2 

Hematite..... 

Sandstone. 2 

Hematite... 1 

Sandstone and shale. 3 

Hematite. 4 

Sandstone. 46 

Hematite. 9 

Sandstone and shale... 280 

Hematite. 12 


Inchofet 


3 

3 


3 

6 
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The ore consists of a dense red hematite, high specific gravity, with 
bright metallic luster and a highly developed cleavage. The ore is of the 
non-bessemer type. 

These deposits are now being mined two miles from the outcrop, under 
the sea. The quality of the ore has slightly improved with depth. 

TORBUOOK AUTD NICTAUX DEPOSITS, NOVA SCOTIA 

Several beds of hematite of a similar type to the regular Clinton ores 
have been located at Torbrook and Nictaux, Nova Scotia. The two 
principal beds are the so-called "ShelF vein and the Leckie vein. Sec¬ 
tions of this deposit may be found on page 147. 

MIEA VALLEY DEPOSIT, CAPE BKETON, N. S. 

The ore deposits of Mira Valley, Cape Breton, N. S., are interbccldcd 
iron ores much like the Clinton deposits. Professor Woodman in liis 
report ( 366 , 11-12-(3)) says in reference to them: 

“The iron-bearing minerals are magnetite, red compact hematite, specular 
hematite, and possibly siderite in small amount. They occur in bands, inter- 
stratifled with the sediments. In places they grade Imperceptably into the 
latter across the bedding, and often downward or on the dip and longitudinally 
or on the strike, . , . These ores furnish perhaps the best examples known 
of partial and interrupted replacement.” 

Section on McElnnon farm: 


Inches 

Slate wall... 

Bed hematite.. 3.0 

Slate. 1.5 

Quartzite. I .5 

Magnetite. 1,0 

Slate . 0.5 

Bonald McDonald farm: 

Slate . 

Ore. 3.0 

Quartzite . 2.0 

Slate. 1.0 

Ore. 1.5 

Slate. 


Summary of Theories op Genesis 

The origin of the Clinton ores has long been the subject of dispute, 
and even to-day, with the large amount of data available, we find con¬ 
siderable diversity of opiniim. Mining men, owners of mines and those 
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interested in ilie financial success of the various properties uatuiaJly 
Jean for the most part to the theory that will best siippoi-t their conten¬ 
tion that the richness of the ore body will iioi diminish with depth. The 
views maintaining this contention seem to be well sustained in cerlain 
places by some of the facts developed in the course ot aclual mining 
operations. In otlier localities, however, data appear to contradict this 
view to some extent. 

A theory which would apply to all of the Clinton deposits must ac¬ 
count for the oolitic character of some ores and the fossiliferous chaiac- 
ter of others, for the occurrence of the ores in confonnahle strata, for the 
difference in lime and silica content in the various ore bods and witliiu 
the same bed, for the presence of waterwom pebbles and grains of sand, 
for the soft and hard ores so conunon in the southern localities and for 
the compact and cleavable ores of some of the norlhern fle]>osith. To 
find a theory that will roeoneile all of iheso variables has thus fai bewi 
impossible, and most writci*s htue admitted that to a limited degieo 
otlicr theories besides their own may lia\e some value. 

Three principal hvpothcsos ha\(‘ been advaneed to account for these 
Clinton ores: (1) the theory of original deposition, which has been 
referred to as the sedimentary thoorv: (^) tlic residual enrichment 
theory; (3) the reidacemeiit theory. Of these theories, the first has the 
greatest number of advocates. It has the merit that d(‘pili would not 
affect the value of the deposits. 

PRIMARY DEPOSITION 

The advocates of the priimiry deposition theory believe that the (Jlin- 
ton ores were deposited contemi)oranoously with the inclosing rocks, in 
the foim of chemical i)i*ecipitation at the bottom of the sea. Rome 
claim that the iroji was originally dissolved from the ancient erystalline 
and metamoiphic rocks of Ap])ala(*hja Ijand. The ferruginous walors 
were carried into inclosed or partly inclosed shallow seas or basins. The 
iron salts were slowly oxidized and prc^cipitated gradually, forming con¬ 
centric layers of iron about particles of sediuKuit on the H(‘a bottom. As 
the sediments varied in kind and texture in different places and at dif¬ 
ferent times, the nuclei about which the iron eoncretions were formed 
differed. In some layei*s, the oolitic structure suiToundcd grains ot well- 
rounded quartz sand; in other la^^em, broken fragments of fossils such as 
crinoid stems, hryozoans, brachiopods or corals were inclosed in iron 
concretions. It is claimed by some that where calcareous fossils were 
present, some replacement occurred, but only while the process of original 
sedimentation was in progress. 
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The advocates of this theory are numerous. In order to set forth the 
arguments given in favor of this theory, the writer quotes from several 
of its leading advocates. 

Quoting E. C. Eckel (37, pp. : 

“The pilncipal facts supporting the thet)ry of sedimentary origin may be 
briefly summarized as follows: 

“1. In mining from slopes running down on the dip of the ore bed, when 
once the limit of surface weathering is passed—and this may be at any point 
from 1 to 100 feet below the outcrop—^no further important change in the ore 
is found with increasing depth; though a number of mine workings are now 
close to 2,000 feet from the outcrop. 

“2. A number of borings in Alabama have struck the ore at iioints from one- 
half to one mile back from the outcrop, and at depths of 400 to 800 feet below 
the surface. The ore encountered in these borings was hard ore of the usual 
quality, and not merely a ‘ferimginous limestone.* Several borings in New 
York have struck Clinton ore at distances of from 10 to 15 miles back from 
the outcrop. These borings showed good ore at depths of 664 to 995 feet below 
the surface. 

The physical character of the oolitic ore cannot readily be explained on 
any replacement theory, while the formation at the present day of original 
oiUitic materials is a matter of common knowledge. 

“4. The oecun’ence of fragments of the ore in overlying beds of limestone 
in the Clinton formation as described by Bmyth, points to the fact that the 
ore had been formed prior to the deposition of this limestone. 

“5. If the replacement theory were awepted, one would expect that the ore 
beds would show a greater vertical range; that is, that they would at places 
occur in rocks of other than Clinton age. Throughout their entire extent, the 
Clinton beds are closely associated with Silurian and Devonian limestones and 
shales, some of which offer excellent receptacles for the replacement deposits, 
but the characteristic red ores are confined to the Clinton itself.” 

The author goes on to say that primary replacements did not oxiai to 
any great extent, but, although no definite jiroof has been found, it is 
probable that some secondary replacement has since taken pla(*e. Leach¬ 
ing, of course, is noted, Eckel has done a very considerable anionnl of 
work on these ores while engaged in the ee()ii()mi<‘ work of the IT. S. 
Geological Survey, and, although his princi])al investigations were ujion 
the deposits of the southern states, he included a wide extent of Olniton 
deposits in his special study, and his ^iewh must be recognized as founded 
upon accurate information and a broad knowledge of the literature 
available. 

According to Professor C. H. Jr. (317), the replacemeni 

theory for the origin of the Clinton ore was not substantiated by the 
facts in the field. The calcareous rocks would certainly have caused the 
iron to be precipitated while it was passing through them, yet the ore is 
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found in places directly underlying limestones and shales. Concretions 
in the loan ore weiv found to be as ferniginous as those found in the 
richer ores; accordingly, the substitution took place before the fossil 
fragments were consolidated into a bed by the cementing material. If 
the ore is foi*m(‘d by a process of replacement, it should contain some 
ferrous carbonate, yet this has never been found. The iron did not come 
from above, for the Clinton ore beds are often horizontal, with no cliance 
for the action of downward-eirenlating waters. There is no doubt that 
the ore was laid doTO in the form of an original precipitate at the same 
general time that tJie inclosing sediments were deposited. It is likely 
that there has been some enrichment of the deposits by the removal of 
calcium carbonate. The iron is secondary only in respect to the organic 
fragments, but primary with respect to the ore deposits as a whole. 
Weathering has contributed to the present condition of the fonnation as 
we find ii to-day in some localities. Iron oxide and silica were deposited 
together from solution in meteoric waters. Organic material caused the 
retention of the iron in siudi waters. There is a connec*tion between 
silicic acid, iron and organic acids in the soils, and a deposition of iron 
and silica together. Oolites were not oiiginally cah'areous. 

Smyth has probably been quoted more than any other vTiter in sup¬ 
port of the sedimentary theory of origin. It is certain that the careful 
microscopic work done by him is well worthy of cai*eful consideration 
before coming to any final conclusion in regard to the origin of these 
deposits. Most of Smylh^s work was founded on a study of the Clinton 
ores of New York. 

Quoting D. IT. ITewland and A, Hartnagel (234, p. 50): 

“The evideuce In support of both views has been traversed very thoroughly 
by C. H. Smyth, Jr., in a paper which represents as well the results of long 
experience and close study of the Ollntou ores both in northern and soutliern 
districts. There can In? no doubt after an impartial perusal of Professor 
Smyth's paper that the theory of sedimentary oidgin is fully substantiated for 
most of the ot^eurrences. For the ores under present consideration, this is the 
only explanation at all compatible with the conditions. 

“The stratigraphic features presented by the New York section of the Olin- 
t<‘n do not lend themselves to the conception of vertical circulations of ground 
water such as would be reiiulred to dissolve and carry iron from the overlying 
strata. The ore l)eds everywhere lie nearly horizontal; their dip is universally 
toward the south, at an angle no greater probably in many places than that 
given by the contour of the original sea bottom on which they were deposited. 
At no time in their subsequent history have they been steeply Inclined. More¬ 
over, they are overlain by thick shales not readily permeable to water. Under¬ 
ground fiowage must necessarily be limited and be dependent for the most 
part on the cropping out of the more porous strata-like limestone and sand¬ 
stone layers. Thus it is directed rather along the bedding planes than across 
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them. Below the ore, there Ls alho more or lesb shale intervening before the 
top of the Ksandstone and conglomerate basement is reached.” 

6. P. Grimsley (130, p. Il): 

“The rocks of the Clinton series in this state are shales, clays, sandstones 
and an absence of limestone. If there was originally a bed of limestone now 
replaced by ore, the stratum was a very irregular one, varying in thickness 
from 6 Inches to 3 feet. It expanded and contra<*ted from place to place in a 
most irregular manner; a relation very unusual for limestone, but often present 
in sandstones and other shallow water rocks. By the theory of original sea 
deposition of this iron ore, it would be formed in the Clinton sea in the same 
manner as sandstones and shales. The iron was precipitated and mixed with 
sand and clay in which fossils were preserv^ed. The oolitic structure would 
imply a concretionary deposit, the iron ore being precipitated around sand 
grains in concentric form. In some portions of the sea, as in the Keyser area, 
there was only a slight precipitation of iron in the sand. 

“The difficult factor to account for in this theory is the quantity of iron 
available for this deposit in the Clinton sea, apparently not duplicated at any 
other time before or since. There must have been at this time an exceptional 
quantity of iron present; its source is difficult to explain. There are thus 
encountered in both theories factors almost impossible to account for; but it 
seems to the writer that the theory of original deposition offers a more satis¬ 
factory explanation of the origin of these West Virginia Clinton ores than 
that of replacement.” 

One of the most complete publications on the Clinton ores has been 
made bv S. TT. McCallie (216) for the Georgia Geological Survey. He 
agrees with Eckel and Sm}i:h in placing the origin as original sedi¬ 
mentary deposition, but differs from them as to the source of the iron. 
He maintains that it came originally from large deposits of glauconite 
marl. 

Both J. S. Xewberr}’’ (232) and T. C. Chamberlin (53) conclude that 
the Clinton ores of their states were formed by original deposition of 
their iron content, similar to the Swedish lake ores. 

H. D. Eogers (290, p. 729): 

“The regular ores of the Surgent (Clinton) series are to be regarded as 
among the permanent constituent strata of the formation, and as having origi¬ 
nated with other sedimentary materials in the form of very extended, but 
thin, sheets of ferruginous matter, covering at successive epochs the wide floor 
of the quiet Appalachian sea.” 

He goes on to say that the source of the oxides has not been deter¬ 
mined. He acknowledges that much secondary enrichment has taken 
place by enormous quantities of ferruginous matter diffused in marls, 
slates and shales in contact with the ore bodies, being dissolved in tho 
form of sulphate and then redepositing the iron in the ore beds, reaction 
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with the lime of fossils converting it to peroxide. This secondary ea- 
richmont is plausible because where the outcinp, the slope of the ground, 
the thickness of the overlying strata and other conditions are favorable 
to considerable infiltration of surface water, the ore cames a higher 
amount of iron than at less favorable places. The fossils often forai 
one-half of the total weight of the ore; it is obvious that if part of the 
lime thus contained is dissolved out, the remaining peroxide of iron will 
form a much larger percentage of the total bulk of remaining material. 

SECONDARY ORIGIN 

Residual Eniichment Theory 

Tiie residual enriclunent theory starts with the supposition that the 
ore beds were originally limestones rich in iron, that by a process of 
leaching the lime carbonate was partly or wholly removed, and that the 
iron, together with the insoluble material, was left in a much more con- 
'centrated form. 

Similar eflects are known in tropical countries; in Cuba, for instance, 
where silica by a process of weathering known as laterization has been 
removed from iron-bearing rocks, leaving the iron and insoluble portions 
rich enough to be classed as an ore and mined profitably, 

I. C. Russell ( 292 , pp. 32^33): 

“Portions of the Silurljin rocks of Alabama, readily recognized as limestones 
when unweathered, are easily mistaken for sandstones and shales when only 
their weathered outcrops can be seen. The Clinton ore, or fossil ore, inter- 
bedded with strata of shale and sandstone forms one of the most character¬ 
istic beds in the Upper Siluidan rocks of Tennessee and Alabama. In the 
mines of Gadsden and Attalla, Ala., where Clinton ore is worked, the strata 
are highly inclined (a dip of 70 to 80 degrees to the southeast prevailing) and 
well exposed for study. 

“The outcrops of the beds are soft, porous, highly fossiliferous ore, which 
has a deep brownish red color, and is easily worked and easily smelted. The 
ore at Attalla retains this character to the depth of about 260 feet, measured 
down the slope, and then changes to a hard, compact, ferruginous limestone, 
rich in fossils. The marked difference in the character of the ore in the upper 
portions of the mines as compared with that of the lower portions is due 
entirely to weathering. This is shown by its chemical composition. Two 
typical samples of the ore, selected by me—one from near the surface, repre¬ 
senting the ordinary character of the soft ore, and the other from a depth of 
.260 feet, representing the hard ore, but not the most calcareous variety—gave 
on analysis the following percentages of iron, lime and carbonic acid, after 
drying at 105 degrees Centigrade; 


Fe 


At surface 


250 feet 
7.75% 
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Eckel (37, p. 33) claimh tliat Bussell was mistaken and that the At- 
talla ores do not vary witli depth. 

Ecplacemenf Theory 

The replacement theory holds that the iron content of the Clinton 
rocks in the fonn found at present has resulted from a replacement of 
lime carbonate by iron, long after the rocks had been deposited. The 
iron was introduced by descending waters charged with iron which they 
had dissolved out of overlying ferruginous rocks. 

J. J. Butledge (293, pp. 254-256) : 

“Tlie conclusion that the iron content of the Clinton iron ore beds of Stone 
Valley, Penn., is due mostly to replacement by removal and enrichment, seems 
unavoidable, when It is considered that but a portion of the fossiliferous lime¬ 
stone or of the hard ore is found to contain iron oxide when examined in thin 
sections under a microscope. Calclte cement makes up by far the greater 
portion of the section. 

*‘An analysis of the limestone shows that it contains but 2.12 per cent of 
PeO and 2.85 per cent of PeaOa. These seem much too small an iron content 
to yield as rich an ore as the soft ore, simply by the removal of the calcium 
carbonate. Field conditions such as the occurrence of weathered shales, dull 
colored clays and iron-stained sandstones, prove that the action of replacement 
is still going on. 

“The iron came originally from the overlying shales and was transferred 
later to the beds of fossiliferous limestone.’' 

The following reasons are advanced by Butledge for the statement 
that the addition of iron w^as not due merely to Ihe removal of the lime¬ 
stone, would be the case under the enrichment theory: 

“(a) The character of iron ore conci*etions where associated with silica. 

“(b) The invariable association of the soft ores (rich) with the leached, 
decolorized shales and the hard (lean) ores with unweathered, bright red 
shales. 

“(c) The relations of the ores to the shattered sandstones and to the topo¬ 
graphic situation of the ores. 

“(d) The fact that analogous replacements are now going on in the Medina 
formation. 

“(c) The obseiTed progressive steps in the transformation of the limestone 
to an ore, which may be followed in the field, in the sections under the micro¬ 
scope and in chemical analyses. 

“(/) The absence of conditions such as local crumpling, Including a shrink¬ 
ing of the strata, pointing to a relative rather than an absolute enrichment 
of the ores,” 

I. 0. White (198, pp. 135-137): 

“The Iron has eyidently been filtered into the bed as the lime has beea 
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loitered out of the bod, otherwise the percentage of iron in the bed would not 
diminish below drainage level. 

“Wherever the ore is valuable the inclosing rocks are very much weathered; 
the lime rocks are changed into clay and the shales overlying the ore are 
bleached almost white; tlioir iron having presumably been transferred to the 
ore bed. And this is a reasonable way of explaining the fact that the ore bed 
does not always keep the same place in the series, for any bed can become an 
ore bed, provided it is so situated as to be a water-bearer and recipient of the 
Iron-leaehlngs.” 

A. F. Focm-sIc (110, pp. {3<S-29): 

“As a rule the iron has replaced the substance of the bryozoan itself; all 
the stages between partial and complete replacement may be noticed, the most 
complete stjiges being of course found in the purer ores. Usually, correspond¬ 
ing changes are observed in the cc‘ment which binds the oolitic grains together 
into a solid mass. It is evident in these cases that the origin of the oolitic 
structure is not due to a concretionary segregation of Iron particles, but finds 
its explanation in the gi*a<lual replacement of the lime of the fragmental fossil 
brj’ozoans, particle by particle, by the iron ore.” 

K S. Shaler (303, p, 163): 

“The ores were not included in the present iron-ore beds at the time of their 
deposition, as conditions varied so much at different points that this would 
have been impossible. The ore-occurrences are due to replacement of limestone 
beds by iron-bearing solutions derived from overlying shales. The iron could 
not have been deposited as far from the shore as the limestones were.” 

J. P. Kimball (190, p, 355): 

“Parts of thin fossiliferous limestones of the CJlinton group of strata are 
often replaced by red and brown ferric oxides from extraneous sources. 

“This replacement has been wrought especially in steep dips by Infiltrations 
from drainage of adjacent ferruginous strata, partially of an inferior series 
outcropping topographi<*tilly higher in the flanks of these parallel ridges.” 

Application of Eboent Investigations 

THEORY OF ORIGINAL SEDIMENTATION 

Even though it may be demonstrated that the oolitic hematite can be 
successfully synthesized in a chemical laboratory in open agitated water; 
even though oolitic fonnations such as the sand of the Great Salt LaJee 
in Utah and the brown iron oolites of the Swedish lalies are being formed 
in open water to-day; yet no matter how plausible the theory may be in 
most respects, if a single factor prevails that would be impossible under 
conditions necessary for original deposition of the iron ore beds, it is 
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enough to discredit the correctness of the sedimentary theory and to 
force us to look elsewhere for an explanation of the origin of these forma¬ 
tions. 

Sedimentary Aspect of the Ore Beds 

That the general appearance of the ore beds would give the impression 
that they must be regular sedimentary iron-ore beds laid down as the 
advocates of sedimentation suggest, cannot be doubted. Clean contacts, 
lens-shaped deposits, widespread occurrence, separated individual iron- 
coated oolites, non-ferruginous sandstone and limestone beds overlying 
some of the ore beds and underlying others, all would tend to give weight 
to the sedimentary hypothesis. Before the theory can be considered as 
proved, however, it must account for certain conditions that appear to the 
writer irreconcilable with any theory based upon original deposition. 

Consequences of Sedimentary Theory 

In the first place, let us apply the sedimentary theory to the oolitic 
hematites that are so common in New York, Virginia, West Virginia, 
Kentucky, Ohio and Wisconsin. Under the sedimentary theory, it is 
assumed that the Clinton Sea was heavily charged with iron salts in solu¬ 
tion, and that, as sediments were being laid down along the shallow and 
gently inclined shore slopes, myriads of sand grains under the influence 
of considerably agitated waters were coated with layer after layer of 
iron oxide, which in many cases alternated with silica. These iron-coated 
grains finally accumulated into beds in the same manner as any sand 
stratum would accumulate and were then cemented by more iron and 
calcite into solid beds or layers of sedimentary rock like any other sedi¬ 
mentary deposit. 

Tor the sake of argument, let us assume that such conditions did exist. 
If the sea-water contained enough iron in solution successfully to coat 
grains of sand until they formed a bed several feet in thickness, would it 
not be reasonable to suppose that all sediments laid down simultaneously 
would be coated, impregnated or at least stained with iron? Would not 
all lenses of clay and shale and limestone be completely saturated with 
the same iron-bearing sea-water that coated the mass of oolites? Would 
it be possible for any portion of the shore deposits along the entire length 
of the Clinton Sea to have escaped without leaving permanent evidence 
of the presence of such large quantities of iron in solution in the sear 
water—^iron sufficient to cause deposits within a comparatively short 
period extending for nearly two thousand miles along the shore, many 
miles out to sea and in some cases many feet in thickness ? 
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Field Evidence 

In a small seam of oolitic hematite about eight inches in tliiekness 
located at Big Stone Gap, Virginia, the writer discovered what at first 
appeared to be a small bowlder (Plate XT, fig. 1) entirely surrounded by 
iron oolites. Upon removing iho stone and breaking it, he found that 
instead of being an ordinal^ bowlder, it was an original formation, such 
as is often present in beds of loose sand that have been penetrated grad¬ 
ually by mineral-bearing solutions and consolidaicd by the well known 
process of cavernous consolidation, leaving loose sand-filled cavities (Plate 
XI, fig. 1). The ^T)owldcri^ was well filled with practically pure loose 
quartz sand, with no iron-coated or hardly even iron-stained grains (Plate 
XI, fig. 2) and was merely the first of several also similarly sand filled. 
Here we have a local accumulation of sand made up of quartz grains 
entirely surrounded by iron-coated oolites, yet completely ignored by the 
iron-charged solutions and not even consolidated. A little farther on in 
the same seam, anotlier small mass of yellowish white sand was found, 
which was partly consolidated but had not been penetrated by the solu¬ 
tions that coated the surrounding oolites (Plates XII, XIIT). 

If we still believe that the iron-bearing solutions were a part of the 
sea-water, how can we explain two sets of different consolidations, one 
with iron the other without iron, from the same source and at the same 
time as the surrounding conditions seem to indicate in this case? Let it 
be emphasized that these occurrences are situated not at margins of ore 
seams, but well within a distinct stratum of hematite. 

In Clinton, Wow York, in a single hand specimen, the writer found 
oolites coated with iron oxide and other oolites coated with a green min¬ 
eral in concentric layers (probably an iron silicate, groenolite) and still 
a third type of oolite composed of a quartz nucleus, then a ring of iron 
oxide, then a thicker ring of the green mineral and finally another ring 
of iron oxide. In a seam in Birmingham, Alabama, a single slide of the 
Clinton ore shows a calcite-coated oolite and an iron-coated oolite side by 
side. How would it be possible for the iron-charged sea-water to distin¬ 
guish between different grains of the same mineral and coat one with one 
substance and its neighbor with an entirely different mineral ? 

At Niagara gorge, we find the Clinton series of limestones, shales and 
sandstones, but no evidence of iron-ore seams. This indicates that the 
iron-bearing marine solutions had suspended operations at this point, and 
yet had been active as far west as Ohio, Wisconsin and Holt County, 
Missouri. 

Finally, in applying the sedimentary theory to the fossil-ore beds, we 
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find conditions similar to tho^o prc\ailing m tlie oolitic strata; limestones 
untouched by iron-bearing soliitioxife, but with o\erlying and underlying 
ii on-ore scams; lenses from a few inches to many feet in length composed 
of limestone with only a slight marginal penetration of the iron, and yet 
entirely surrounded by iron ore (Plate XIV, fig. 1). In jilaces, fractures 
in the limestone beds have been penetrated by iron and the walls of the 
breaks lined with ore. In other occurrences, the iron has followed seams 
or laminations in the limestones and has replaced the limestone along 
these planes of weakness (Plate XV). 

A generally prevailing condition of apparent replacement in all stages 
IS found in both fossiliferous and oolitic beds, in which both calcite and 
quartz show corrosion and replacement (see photomicrographs, Plates 
XVT, XX, XXI). 

Inadequacy of Sedimentation in Open Sea 

The conclusion seems justified that, whereas widespread similarity of 
conditions should be expected, with unbroken evidence of the presence of 
marine iron-bearing solutions in the sedimentary beds (whether of sand¬ 
stone, limestone, shale or clay), yet the reverse conditions actually exist, 
for (1) small lenses of loose sand untouched by iron-bearing solutions 
are found, which, under the conditions imposed by any sedimentary 
theory, could not have been free from the iron; (2) two unlike consoli¬ 
dations, one without iron, the other surrounding the first and completely 
charged with iron—a circumstance that would have been impossible 
under the sedimentary conditions pointed out by the various advocates 
of marine deposition of iron ores; (3) differently coated oolites in the 
same immediate locality would hardly seem possible under such a theory; 
(4) the penetration of iron into seams, lamination planes, weakened 
strata, muderaeks and fissures running off from the main ore beds could 
hardly be explained under theories depending upon a primary origin of 
the ores. 

Sedimentation in Lagoons 

In regard to a growth within inclosed lagoons or basins of shallow 
water, the field evidence in some places may bear this out. The writeris 
observations, however, have seemed to show much active wave erosio-n and 
considerable rather violent agitation of the sea-water. This is illustrated 
by what appear to be two well-formed stacks which could only have been 
shaped by wave erosion; one at Clinton, New York, and the other at Eed 
Mountain, Birmingham, Alabama. Further evidence might be suggested, 
as, for example, the existence of several kinds of varieties of coral which 
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do not thrnc lu tLie btill waterb of iiiolosod ba^siiib but require agitated 
w-aters in the open sea. In places, also, the sediments contain a large 
amount of water-worn malorial, fossils badly broken and coarse-te^tured 
conglomerates. So, although we do hoe in places such testimony as Pro¬ 
fessor Smyth ( 317 ) has suggested, yet we lind also much evidence of 
quite different conditions; and, therefore, it seems to the writer that 
little importance can be attached to the supposed basins as an aid to the 
determination of the origin of these ores. 

THEORIES OF REPLACEMENT AND SECONDARY ENRICHMENT 

Persistence of Ore Seams 

The question of depth and distance from the outcrop to which the ore 
is known to extend is an interesting one, and the facts are inconsistent 
with the theories of secondary enrichment and replacement, where siudi 
theories depend upon leaching of slates and shales or vertical descent of 
ground waters. One boring has shown good ores, 1,902 feet deep and 
two and one-half miles from the outcrop; another o\er 800 feet deep and 
more than ten miles from outcrop and with a very low dip. The writer 
is inclined to agree with Professor Smyth {loc, ciL) in part in regard to 
such data; but as to using this great depth as an argument in favor of 
original deposition, he cannot convince himself that it applies. Some of 
the deposits in that event must have extended into waters of very con¬ 
siderable depth and distance from shore; and as depth increased, the 
amount of iron necessary for keeping up the same degree of richness as 
nearer to the shore must have been great indeed. It would seem highly 
improbable that those iron-bearing marine waters could circulate over 
and through the sediments without becoming diluted in the great expanse 
of water, as currents carried them far out to sea. The present writer 
would, on the other hand, lay (*laim to the argument of great depth in 
support of his ideas of origin, which differ widely from those of the advo¬ 
cates of original deposition. 

Unreplaced Limestone 

Finally, as to the argument that some overlying beds of limestone 
would be excellent for replacement of lime by iron and yet remain prac¬ 
tically untouched with clean-cut contacts although in close proximity to 
iron-bearing seams. Here again the writer agrees with Professor Smyth 
that the facts are against the replacement theories as ordinarily ad¬ 
vanced, especially since many layers of impervious rock lying in a more 
or less horizontal position intervene between the ore seams and the sur- 
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face. Yet the writei’^s own conception of the origin of these ores is 
much strengthened by these same conditions, wliich arc indeed neces¬ 
sary, according to his ideas, for the existence of the iron-bearing seams. 
Because of these conclusions, it seems unnecessary to tlie writer to spend 
further time on a theory that in the light of such conditions as have 
been pointed out seems not only inadequate but impossible. 

Secondary Enncliment Theories 

Under the head of secondary enrichment may be classed both enrich¬ 
ment due to replacements and that due to residual enrichment. Of the 
theories of secondary origin, some depend upon leaching of soluble mat¬ 
ter and a consequent enrichment of the iron-bearing deposits because of 
relative insolubility of the iron, and others upon a combination of re¬ 
placement with enrichment by a process of leaching of iron from over- 
lying ferruginous shales and slates and replacement of the lime in the 
underlying limestone by iron thus obtained. The most that can be said 
regarding these possibilities is that undoubtedly these alterations have 
been made, but to a very limited extent, and such methods are wholly 
inadequate to explain the distribution of the ore, as shown by recent 
borings and extensive underground mining, which have proved that hard 
ore does not change materially with depth, and that the above tlieories 
only account for the very superficial facies called soft ores. Absence of 
extensive exploration gave these theories plausibility and caused much 
favorable comment upon them for a time, but more recent underground 
mining has caused them to be more or less generally discredited. 

Simple Pieplacement Theory 

We still have one well recognized theory to discuss before advancing 
the theory of the writer, and that is simple replacement. Tlie advocates 
of this theory have seen extensive evidence of replacement of the calcite 
by iron in the fossiliferous beds and have noted the replacement of the 
lime cement by iron. Tn respect to the evidence advanced by these au¬ 
thors, the writer is inclined to believe that to a large extent it is correct, 
but in a few particulars he finds himself obliged to disagree with their 
deductions. 

The first is the attempt to account for the iron as a leached product 
from overlying shales. It seems incredible that such immense quanti¬ 
ties of iron can have been derived from so limited a source. It also 
appears, as Professor Smyth has well stated, that the intervening layers 
of limestone which are comparatively free from iron would have offered 
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an excellent Held for progressive replacement, whereas we find more or 
less clean-cut contacts and underlying rich iron ore beds. A second 
point of disagreement is in relation to the direction of movement of the 
iron-bearing solationa under these theories, which, in the various papers 
examined, seems to bo by vertical descent of ground water, often limited 
in depth to a few hundred feet. Thus I. C. Russell (292) refers to a 
case in Attalla, Alabama, in which the ore changed to ferruginous lime¬ 
stone within a few hundred feet of the surface. 

PART If. ARTESIAN REPLACEMENT THEORY 
Artesian Conditions 

CONTROLLING FACTORS 

Artesian conditions result from a natural arrangement of strata in 
such manner that they act as a retaining basin or catch basin in porous 
strata in which water is or may be confined under hydrostatic pressure 
sufficient to cause the water to rise when the reservoir is tapped. 

The conditions requisite for the existence of artesian wells, as set 
forth by Chamberlin (64a), are the following: 

1) A porous stratum for the penetration of water; 

2) An impervious underlying layer to prevent the downward escape 
of water; 

3) An impervious overlying layer to retain the water under pressure; 

4) An inclination of the layers, at least in part, so that the point of 
entrance is higher than any other portion of the retaining layers; 

5) A reasonably large exposure of the porous layer, in order that free 
entrance may be provided for the penetrating waters; 

6) Sufficient rainfall for water supply; 

*}) Absence of any place of escape for the retained water. 

This summary of the usually quoted factors may be taken to indicate 
ideal artesian conditions, but many variations may exist and still allow 
artesian flow, although these requisites or adequate substitutes for them 
must be present. 

The pervious medium may be any crystalline or sedimentary non- 
crystalline rock or stratum which contains enough pore space to permit 
a circulation of the penetrating water. Sandstones (particularly of 
coarse texture), fossiliferous limestones and even in some cases coarsely 
crystalline limestone may serve as a carrier and saturation medium for 
artesian waters. In some instances, even bedding planes, laminations 
or fracture systems may be adequate. 
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The impervious floor is not absolutely necessary. In some cases, arte¬ 
sian flow might be expected if the underlying layer, although penetrable, 
was less porous than the middle layer, so that the incoming water would 
accumulate with greater rapidity than it could escape downward. This 
would occur in the case of the two sandstones of marked difference in 
texture, the upper coarser and the lower finer. 

The impervious layer above is more essential, but even here extreme 
differences of texture may give some results, even though the overlying 
layer is somewhat porous. It must be remembered, moreover, that poros¬ 
ity is relative and that absolutely impervious strata are unknown. 

Another very important consideration with reference to these porous 
and impervious layers is the possibility of accumulations by pmcipitation 
or by the mechanical filling of voids at or near the line of contact be¬ 
tween the strata. If, for example, two sandstones, one coarser than tlie 
other, are in contact, precipitation would fii*st occur near the contact in 
the pore spaces of the finer textured rock, as there the penetrating solu¬ 
tions would move with less freedom and rapidity. 

Mechanical sediments as well as mineral crusts might be expected to 
play some part toward establishing more complete artesian conditions. 

Circulating ground waters, following lines of least resistance, tend to 
establish more or less definite channels, and if these channels are fairly 
well retained, nature itself will attempt to improve conditions by steadily 
increasing the density of the carrying medium through cementation and 
other processes of filling the minute channels of escape. 

Inclination of artesian beds is necessary only for the purpose of allow¬ 
ing gravily to establish hydrostatic pressure. If the water head is suffi¬ 
ciently high to develop enough pressure to overcome the friction and 
other causes of retarding a free flow of water, it is fair to assume that 
artesian waterways may exist in practically horizontal layers, the move¬ 
ment of the water depending upon the amount of pressure exerted by the 
water column. 

The absence of an avenue of escape may be accounted for in many 
ways; for exainple, a marine slope may be terminated at tlie lower end 
by a change of texture from coarse to very fine, as sand to mud; or pre¬ 
cipitation may take place at the lower end of a runway, thus filling the 
voids in the previously porous layers. 

CIRCULATION OF ARTESIAN WATERS 

It has been suggested that artesian water is stagnant until tapped; 
but the writer is inclined to believe that absolutely stagnant artesian 
waters would be unusual if not impossible. 
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In the first place^ any leakage, even though very slow, would promote 
circulation in the inclosed waters; artesian conditions depend upon rela¬ 
tive, rather than absolute, imperviousness. 

In the second place, dilterences in temperature would cause the estab¬ 
lishment o£ currents mvolving a more or less constant circulation. That 
such differences of tem])erature do exist between the suifface waters at 
the outcrop of the porous layers and the waters confined at considerable 
depths is hardly open to question. The density of cooler water is greater 
than oF water at higher temperatures, and therefore such water would be 
acted upon by gravity, causing the denser water to sink while the less 
dense would rise. 

In the third place, dissolved salts would add to density of the waters, 
and if solutions heavily charged with iron salts were admitted to the 
artesian runways, they would tend to sink until by precipitation they 
lost a part or most of their load, after which they would tend to rise and 
give place to other charged water from above. 

Foui-th, waters cliarged with insoluble mechanical sediment would 
tend to sink and set up circulation within the runway. 

Fifth, oscillating movements of the water would occur because of tidal 
variations in load, accession of fresh surface water, crustal movements 
and other minor causes effecting changes of pressure transmitted in 
various ways, such as through the overlying impervious layer or through 
the water in the reservoir. 

Slowly moving waters thus act as carriers of iron salts and other min¬ 
erals and gases and pmeipitate much more readily because of relative 
confinement and slow metlmd of circulation. 

Typical Sections of Clinton Ores 

MISSOURI 

Holt County. Drill hole. Red oolitic hematite of Clinton age, 1,886 
feet below surface, showed tlie following section (Crane, 66): 

Peet 


TuiiUe shales (impervious). 21 3 

Oolitic hematite (porous).. -.. 3 8 

Earthy argillaceous henuitlte... 5 

Light green sandy shale (Impervious). 2 6 

Bluish green shale (impervious). 64 9 


ALABAMA 

In the Birmingham District, out of about 80 sections extending over 
forty-two properties, seventy-two included ore seams either fossil or 
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oolitic witli shale or slate directly overlying and underlying the ore beds. 
These seams included the Ida, Big and Irondale, besides many too small 
to be of practical importance. (For sections, see Eckel, 37, pp. 71 - 78 .) 
Section East No. 2 mine. Bed Mountain (Phillips, 266, p. 64): 


Feet Inches 

Clay and soil. 6 

Sandstone. 3 

Clay. 1 

Sandstone. 1 

Olay. 2 

Ore. 6 

Olay. 2 

Ore. 3.5 

Clay. 1 

Ore. 4 

Olay. 4 

Ore. 4 

Olay... 0.6 

Ore. 1 1 

Clay. 2 

Ore. 10 

Clay. 1 

Ore.1 .. 2.5 

Olay. 0.6 

Ore. 0.5 

Clay. 1 

Ore. 2 

Clay .. 0.5 

Ore, fine grained. 2 

Clay... 2 

Ore, fine grained. 1 4 

Slate. 0.5 

Ore, fine grained. 5 

Olay. 1 

Ore, fine grained. 7 

Slate. 1 

Ore, fine grained... 4 

Slate. 2 

Ore, sand}'. 1 

Slate. 1 

Ore, sandy... 2 

Slate . 1 

Ore, sandy. 6 

Slate... 1 

Ore, sandy. 7 

Slate. 1 

Ore, limy.. 2 

Slate . 0.5 

Ore, limy. 2 
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Slate . 

Ore, limy. 

Clay . 

Ore, sandy. 

Slate. 

Ore, sandy. 

Slate and sandy ore 

Ore, sandy. 

Clay. 

Ore, sandy. 

Slate . 

Sandstone. 

Ore, good. 

Ore, poor. 


Feet 


10 

12 


Inches 

0.0 

8 

0.5 

6 

8 

3 

6 

1 

0.5 

3 

1 

6 


Cherokee County. Section at Ford New Bank, N. W. of N. W. 

Sec. 33, T. 9, E. 9 E., southwest side of Eonnd Mountain (Phillips, 266, 

P- • « 4. , V 

^ ' Feet Inches 


Shale, cover. 

Ore, soft, upper bench. 6 

Sliale, ore. 1 

Shale, yellowish. 1 6 


Ore, reported to be 2 feet in places, lower bench. 1 2 

Sandstone. 


Dekalb County. S. W. corner S. E. Sec. 4, T. 10, R. 6 E.: 


Shale .... 
Ore, shaly. 
Shale .... 

Ore. 

Shale .... 


Feet Inches 

1 6 
8 
1 


Same a little northeast: 

Shale. 

Ore, good. 

Sliale. 

Ore. 

Shale. 


Feet Inches 


15 


8 

10 


N. W. corner of Sec. 33, T. 8, R. 4 B. (266, p, 45) : 


Feet 

Ore, about. 4 

Shale, about. 18 

Ore, about. 

Shale. 10-12 

Ore, about... 


Inches 

8 

4 

3 


For other sections adjacent to above, see 266, pp. 44-48. 
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EtoTOli C‘ounty, Broughton Bridge Gap, N. E. of IST. E. Sec. 7, 
T. 11, R. 6 E. (266, p. 48): 

SaiKlstones with some interstrati fled shales and 

loam. 

Shale, ore, in alternate streaks. 

Sandstone, very hard, called cap rook to ore.... 

Shale. 

Ore. 

Shale. 

Ore. 


Shales, ore, the ore very sandy and in thin seams 

in shale... 10 

Loam, sandy, red, witli loose shales, about. 80 

Loam, ore, the ore sandy and in loose pieces in 

red sandy loam, about. 10 

Pelham (Trenton! limestones. 


Feet 

Inches 

225 

10 


2 


2 


2 


2 

1 

2 

100 

.. 

3 

,, 

175 

.. 


Jefferson County. West Red Mountain. Section in Pit in S. E. of 
K W. 1 / 4 , See. 80, T. 15, E. 1 W. (266, p. 62): .. 


Debris, soil. 

Ore, sandy, in large grains.,,'.... 5 

Shale, yellowish, only in places. 1 

Ore. 2 

Shale, yellowish. 2--3 

Ore. 1 4 

Shale, ore, the shale is yellowish and carries 

the ore only in places, in streaks. 6 

Ore. 1 2 

Shale, yellOAVish .•... 12-14 

Ore, soft, scarlet color. 1 

Ore, shale, in alternate streaks, the ore is 

sandy. 1 

Ore, shale, the ore is soft. 7 


Section of Big Seam, opposite Oxmoor (266, p. 61): 


Feet 

Ore. 7 

sshales, pebbles.Trace 

Ore. 8 

Shales... 

Ore. 2 

Shale. 

Ore .. 8 

Shale... 

Ore. 1 


Inchefl 

3 


3 

3.5 
.75 

2 

1,25 

2.5 
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Feet Indies 


Shale. 2 

Ore. 11 

Shale . 7 

Ore. 1 3 


" GEORGIA 

In Georgia, the same arrangement of strata prevails as that found in 
Alabama. The porous layers of sandstone or limestone are joined top 
and bottom with impervious layers of slates or shales. In a few eases, 
fine-textured sandstone joined the much coarser layers of ore. Thirty- 
seven sections taken in this state showed without exception similar favor¬ 
able artesian conditions. In nearly all cases, the ore seams consisted of 
fossil ore and always much coarser than surrounding layers. 

Walker County, Lookout Mountain (216, p. 96), Edmund Evitt^s 
property. Lot 220, 12th district: 

Sr r J 5 Tny.haa 


Chattooga County. Lookout Mountain (216, p. 123). W. T. Henr/s 
property. Lot 1?1,13th district: 

^ ^ Feet Inches 


Dirtseller Mountain. Z (216, p. 130). Lot 150, 14tli district: 


Feet Inches 

Decomposed shale and surface clay. 9 

Ore. 4 

Shale. 4 

Ore. 2.5 

Shale. 1 

Ore. 1 

Shale. 2 

Ore. 3 

Shale. 1 

Ore... 6 

Sandstone (heavy beds). 
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Taylor’s Eidge (216, p. 133) : 

Heavy-bedded sandstone. 

Ore. 5 

Shale. 1 

Ore. 1 1 

Shale. 

Mr. Maddoxes property (216, p. 135). Lot 160: ^ ^ ^ ^ 

^ ^ ^ ^ Feet Inches 

Sandstone... 

Ore. 7.6 

Shale. 3 

Ore. 1 1.5 

Shale. 7 

Dade County. Lookout Creek (216, p. 50). Lot 83, 18th district: 

Feet Inches 

Ore (overlain by shale). 10 

Shale. 8 

Ore. 1 

Shale. 1 

Ore. 6 

Shale. 3 

Ore. 6 

Shale. 1 

Ore. 1 

Shale. 2 

Ferruginous, fossil limestone. 9 

Shale. 6.5 

Fossiliferous limestone. 4 

Shale with thin layers of sandstone and lime¬ 
stone . 40 

TENNESSEE 

Safford (296, p. 304): 

^ ^ ' Feet Inche«i 

Greenish shale. 22 

Ore, with parting of shale. 1 6 

Sandstone, fine grained. 6 

Greenish shale with occasional iron seams. 67 

oolitic ore, calcareous. 4 

Greenish shale. 21 

VIKGINIA 

Low Moor, Horse Mountain (92, p. 188): 

^ V > Inches 

Slates and thin sandstone. 10 

Fossil ore, brown and porous. 7 

Fossil ore, red and fairly good... 1 2 

Ochery clay.. 6 

Shales. 2 
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Slope 2: 

WMte quartzite. 

Shales... 

Bed fossil ore. 

Ochery shales and thin sandstone 
Shales and sandstone. 


Feet Tncbes 
30 

2 

1 4 

1 


Big Stone Gap^ Va.: 

Slate, badly weathered, 

oolitic ore. 

Slate. 


Feet Inches 
1 

8 


WEST VIRGINIA 

In West Virginia, the same artesian arrangement of strata prevails as 
that found in the more southern states. Shales overlying and underlying 
ore seams in almost all cases. 

Pendleton County. Wagner Knob (130, p. 166): mahes 

Hanging wall, green shale. 


Good ore. 5 

Dirt and clay. 4 

Sandy ore. 18 

Foot wall. 


Foot wall, green shale. 

Z (130, p. 167); 

Hanging wall, green sh 

Good ore. 

Green shales. 

Good ore.. 

Slaty ore. 

Green shales. 

Slaty and sandy ore. - • 

Foot wall, green shale. 

p, 197) : 

Black shales.. 

Bed fossil hematite..... 

Thin, flaky, black shale 

Limestone. 

Shales with lime layers. 

PENNSYLVANIA 

The same arrangement of ore and shale is found very generally in 
Pennsylvania. 



Inches 

. 6,5-9 

. 7.5 

. 3-4 

. 4 

. 9 

. 5-6 

Feet Inches 
4 
1 

4 

2 

1 
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Union and Snyder Counties (84, pp. 65-68): 

Sandy calcareous shales. 

Ore, sand vein..i. 

Purplish red calcareous shale. 

Ore, DanvlUe ore.. 

Shale, middle olive shale. 

Iron sandstone and shales. 

Shale, lower olive shale. 

Birdseye fossil ore. 

Shales, lower olive shales. 

Moores Ore Bank (88, p. 58 F): 

Shale White clay, carbonaceous 

Ore Limestone, at top a rotten olive shale 

Fire-clay Sandstone 

Ore 


Feet 

175 

2-3 

10-30 

150 

60-70 

500-600 

150 


Inches 


16-18 


S-10 


Granville Gap (S3, p. 46 P): 

Lower Clinton shales. 135 

Block-ore. 13 

Ferruginous sandstone.. 6 

Shale, light green and yellow. 30 

Birdseye fossil ore, rich...... .. 8-12 

YeUow shale. 30 

Block-shot-ore.... 

Shales. 150-200 

Medina sandstone, No. IV.. 


NEW YOEK 

, The Clinton red hematites of New York meet the requirements of the 
artesian theory: impervious layers of shales and cherty limestones, with 
coarse oolitic or fossil ore in the porous layers. 

Genesee Gorge/Eochester (23^ p, SO): 


Bluish gray limestone. 18 

Green shale.. 24 

Hard siliceous limestone. 14 

Iron ore, fossil... 14-16 

Green shale. 24 

Ontario (234, p. 21): 

^ ' Feet Indu 

Oherty limestone. 8 

Iron ore, fossil. 2 2 

Green shale. 9 

Medina shale.. 
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Clinton (317 and 216, p, 29): 

SiUul‘<toiie, calcareous, tlidn shale at bottom. 50 

Red flux bed, shale partings. 6 

Sandstone, very calcareous, with small seams of 

iron . 6 

Shale. 15 

Oolitic ore. 

Shale, merely a parting. 2 

Orditic ore. 1 

Shale, with some sandstone. 100 


Inches 


25-40 


NOV\ SOOTIA 

The same ai*tcsiau strata are found in Nova Scotia. It is uncertain 
that these ores are (lintoii, but they are called Clinton by several writers^ 
and until they are more accurately placed, they will be referred to as 
Clinton ores. 

Baker No. 1, Pit 10 (South Side) (356, p. 71): 


Ore. 10 

Slate . 2 10 

Ore. 4 

Slate . 2 6 

Ore. 7 

Slate . 1 

Ore. 2 

Slate . 3 3 

Ore. 6 


Leekie "^"ein, Pit No. 24 (366, p. 80): 

Green soft slate... 

Ore. 

Slate . 

Ore. 

Green soft slate. 


Feet Inches 

1 
1 

1 3 

6 


AllTJiSJAN t^OlsUUTlONS IN THE CLINTON DEPOSITS 

A close examination of a hundred or more ore seams, distributed from 
Birmingham, Alabama, to Bochester, New York, has been made by the 
writer, and in practically every ease structures were found that would 
favor excellent artesian conditions. Beside the seams personally exam¬ 
ined, practically all available literature that contained sections of Clinton 
deposits (and including some unpublished manuscripts also containing 
sections) has been carefully examined, with the same result in nearly 
every case. Out of more than eighty sections in Alabama alone, seventy- 
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two showed ore Kseams with shale or clay partings or strata ranging from 
a fi-action of an inch to several hundred feet in thickness above and 
below. 

Taking up the artesian conditions found in the Clinton iron ore de¬ 
posits more in detail, we find governing factors. 

POROUS LAYERS 

The first are the porous strata, or better those which were without 
doubt originally porous, and which consist of fragmentary rocks such as 
sandstones now in many cases altered to the oolitic hematite beds. Seams 
of this class were personally examined at Clinton, Ifew York, and Big 
Stone Gap, Virginia. Specimens of oolitic ore with quartz grains as 
nuclei were also examined from Kentucky and from Wisconsin. Eecords 
of similar strata have been found in Ohio and West Virginia. 

Eock slides made from this class of ore show conclusively that the 
original sediments must have been ordinary shore or near-shore deposits 
of sand, similar in every way to ordinary marine sand such as we find on 
our beaches to-day. Sand, loose or consolidated by cementation into 
common sandstone, forms as perfect a porous medium as could be de¬ 
sired for artesian purposes. Some sandstones show as high as 30 per cent 
pore space. The other principal lyp® Clinton ore, the fossil ore, con¬ 
sists of beds of fossil fragments such as pieces of crinoid stems, corals, 
bryozoans, brachiopods, and many other varieties of Clinton fossils, 
deposited by the ordinary processes of sedimentation and later consoli¬ 
dated into the usual types of fossiliferous limestones. These furnish, 
in the earlier stages at least, ideal porous conditions and are quoted by 
practically all writers on artesian flows as favorable for water penetra¬ 
tion. 

After a close examination of slides of these fossil beds (Plates IX, 
XVI), it cannot be doubted that for a time at least these layers must 
have been extremely free nmways for penetrating surface waters. Arte¬ 
sian reservoirs exist in rocks like the coarsely crystalline limestones, far 
less favorable than either sandstone or fossiliferous limestone, and there¬ 
fore it would appear to the writer that the complete porosity of these 
layers can hardly be disputed. 

IMPERVIOUS LAYERS 

Impervious contacts were found, separating two strata of different 
textures and degrees of porosity. 

As has already been pointed out (page 138), where two porous layers 
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of difEerent density occur together, there seems to be a natural tendency 
for either mechanical or chemical filling to take place, beginning along 
the line of contact and extending a short distance into the finer-textured 
stratum, thus protecting the latter from further penetration by the solu¬ 
tions contained in the coarser layer as effectually as though the finer layer 
had been impervious in the first place. This is well shown in various 
specimens of cavernous consolidation (Plate XI), in which iron solutions 
penetrated the finer sand for a vshort distance, filling the pore spaces so 
completely that part of the inclosed sand remained not only uncoated 
with iron, but even unconsolidated. 

MATITNE A1?TESI\N SLOPES 

Marine artesian slopes are among the i‘ommon sources of artesian water 
supply to-day. Strata of alternating sand and mud, often many times 
mpeated, are among the commonest types of in-shore deposits, and these 
sedimentary layers as originally deposited have an initial dip. Further¬ 
more, the coarser and more porous layers as they extend into deeper 
waters tend to change their textures from coarse to fine and tlieir contents 
eventually from sand to mud or ooze. These conditions result in a nat¬ 
ural catch basin for penetrating water that cannot be improved upon for 
the establishment of good ai’tesian conditions. 

The Clinton beds comprised alternating impervious and porous layers, 
forming the marine slopes of the epicontinental shelf of that period, a 
condition in all respects favorable for the retention of artesian waters 
after uplift. These runways probably were brought to an end downward 
by a change of texture and material from porous to impervious deposits 
seaward; but even if such a sealing of the porous medium did not occur, 
it is highly probable that in a comparatively short time precipitation 
would cause a filling of the voids at the lower end of the runways and 
accomplish the same results as a change of texture. 

INFILTKATION OF METEORIC WATER 

That conditions favorable to the easy penetration and retention of 
ground or surface waters could exist, therefore, seems clear; and that 
penetration of such water in these channels took place is equally well 
indicated by field study and the microscopic examination of slides from 
Clinton seams. This is shown bv the evident and widespread corrosion 
of the nuclei of calcite (Plates IX, XVI), and even quartz in some cases 
(Plates XX, XXI), that form so large a part of these deposits. If we 
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admit tliat these fragments and grains are corroded, we mast also admit 
that solvent waters wore present at some time in these artesian runways. 

We are not dependent, however, upon this one bit of evidence. The 
penetration of iron for short distances into slightly porous contact layers, 
with a progressive thinning out of the iron (Plate XX, fig. 3), until 
within a short distance from the line of contact penetration and precipi¬ 
tation altogether ceased; the filling of the seams caused by cross-bedding, 
mudcracks (Plate XVIII), sand streaks in the shale, fractures and places 
of weakness, all point to precipitation from penetrating solutions. Cav¬ 
ernous consolidation in loose sand layers (Plates XI, XII, XIII), filling 
of corrosion embayments in nuclei (Plates XVI, XX, XXI), widespread 
replacement in all stages of completeness of calcite and in some (*ases of 
quartz by iron, and the secondary calcite, iron and to some extent silica 
cementation of the iron-coated fragments, all add to the certainty of the 
filling of these retaining layers or catch basins with artesian waters. 

Thus we must conclude that all the factors necessary for complete 
artesian conditions existed in the Clinton strata; that much evidence has 
been adduced that these natural artesian runways were well filled with 
femigiuous solutions, and finally that these solutions were responsible 
for the present mineral content of the ore seams. 

Ore Conditions Resulting from Artesian Slopes 

DEPTH OP DEPOSITS 

The only do\vnw^ard limit under this theory would be the limit of the 
artesian flow. As artesian wells have been sunk in some cases to more 
than 4,000 feet, and as artesian conditions would seem lo be as perfect in 
the Clinton strata as could be expected anywhere, it appears to tlie writer 
at least that the only limit of ore deposition would be the seaward ex¬ 
tremity of the porous strata, and that this limit might well be expected 
in many places to extend to at least as great depths as any artesian well 
known at the present time. 

That borings in Birmingham, Alabama, have demonstrated tlie exist¬ 
ence of good ore at 1,902 feet would appear to bear out the writer’s con¬ 
tention that the iron content of the seams should extend to great depths 
with little or no change in richness within the hard-ore limits and that 
this condition would be found wherever the proper artesian factors along 
the marine slopes existed. In Holt County, Missouri, a borehole 1,885 
feet showed good ore at that depth and favorable artesian conditions be^ 
cause of the impervious overlying and underlying beds (66, p. 148). 
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EXTENT OF DEPOSITS DOWN THE DIP 

Some artesian flows are found to extend for more than a hundred miles 
from the outcrop, and flows tapped scores of miles from the intake axe 
not uncommon. If we admit that artesian conditions are responsible for 
the existence of these ore deposits, then we must recognize that the limit 
of artesian layers alone will determine the distance along the dip to 
which these deposits can be expected to extend. As one fairly good ex¬ 
ample, the case noted by Newlaiid (234, p. 51) might be cited: 

“The recent exploration with the diamond drill has shown that there is no 
notable change of character on the dip for distances of five or six mUes from 
tbe outcrop. Deep borings made some years since at Syracuse and CJhittenango 
found hematite below 600 feet, showing it to be of normal composition.’* 

WIDE DTSTUIBUTION OP DEPOSITS 

Conditions that caused tlie fonnatiou ot artesian runways, and later con¬ 
ditions that brought about periods of heavy rainfall and rapid weathering 
sufficient to pi*oduce the iron-bearing solutions that penetrated and filled 
with iron ore these artesian runways or rescr\*oirs, were so widespread 
and extensive that no merely local results could follow, but rather the 
development of a series of artesian slopes sucli as we find along the whole 
Silurian shoreline, well filled with ferruginous material. 

0(’CUIlUENCE OF OOLITIC AND FOSSIL ORES 

Whether the porous layers were limestone or sandstone would not affect 
the question of genesis in any way, under this thcoiy. Sandstone strata 
might produce oolitic hematite, while fossiliferous limestone might pro¬ 
duce the characteristic* fossil ore, and still both types were dependent 
upon similar artesian runways and penetrating iron-bearing solutions. 

VARIATIONS IN CriOlICAL COMPOSITION 

As these Clinton ores extend nearly two thousand miles along the out¬ 
crops, and as the old land areas varied in composition, in some places 
containing acid incks and in others basic with different miiioral con¬ 
stituents, a difference in chemical composition of the ores might be ex¬ 
pected, The fact, also, that the porous layers differed to some extent, 
some possibly having a primary silica cement, others a calcareous cement, 
and still others having no cement whatever, these and other minor varia¬ 
tions in the original deposits would lead one to expect just such variations 
in composition as we find in ore bods to-day. It would, therefore, still 
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further tend to sti*eiigtlien the artesian tlieory that sucli variations in 
mineral content exist. 


VARIATIONS IN TEXTURE 

Variations in texture would be inevitable, exactly as they occur to-day 
in any series of marine shore deposits, and the texture of the different 
ore seams varies as would be expected, seams of fine ore and seams of 
coarse in the same localities being found, and also variations within the 
same seams. 

VARIATIONS IN RICHNESS 

Artesian conditions would also account to a large extent for the varia¬ 
tions in richness of the Clinton ores of different localities and for varia¬ 
tions within the same seam. Differences in tempei*ature, pressure, rate 
of flow and size, shape and composition of the grains of sand within the 
porous layers would all influence the degree of richness of the ore, as 
would variations in the nature of the cement. 

Artesian replacement, therefore, would account satisfactorily for depth, 
extent along the dip and wide distribution of the ore deposits. It would 
apply equally well to the fossil ores or to the oolitic hematites, and it 
would satisfactorily explain the variations in composition, texture and 
richness. 

On the other hand, the absence of artesian conditions would account 
for a deficiency or total absence of iron in limestone or sandstone strata 
otherwise favorably located. In Niagara Gorge, where the Clinton strata 
are well exposed, no ore seams outcrop. Otherwise, unaccountable breaks 
in the continuity of the ore deposits could easily be explained by a failure 
of the strata to provide good artesian runways or catch basin'? for tlie 
iron-bearing solutions. 

Artesian Eeplacement Theory as Applied to Other Horizons 

It is not likely that conditions favorable for the acoumulntion of iron 
ore in the porous strata of artesian runways will be found in any other 
geological horizon on such an exteiisive ‘?eale as those of the Clinton, 
The peculiarly favorable conditions resulting from the rapidly changing 
textures of sedimentary beds deposited in the Silurian Sea, and the periods 
of crustal movements, heavy precipitation and rapid weathering which 
followed, furnished a most remarkable combination of factors requisite 
for the formation of great numbers of artesian runways, with ample op¬ 
portunity for subsequent filling. It is to be expected, however, that 
artesian conditions will be found in many horizons of marine strata at 
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widely different ages. If these artesian runways have been so situated 
that mineral-bearing solutions could penetrate their porous layers, there 
is no reason why deposits similar to those of the Clinton age should not 
be formed. 

The exact stratigraphic position of several of the so-called Clinton 
beds is uncertain, and when the fossil content of these beds has been 
worked out, some changes may be expected in their stratigraphic posi¬ 
tion. The geologic position of some of the interbedded hematites and 
magnetites of Nova Scotia, which by some have been classed as Clinton, 
is still in doubt. 

The writer has used the term Clinton more to characterize a type of 
deposit than the ore from a definite geologic horizon, and it is probable 
that several beds referred to as of Clinton are not of Clinton age. It is 
certain, however, that all the occurrences treated in this paper are well 
within the Paleozoic. 

DEPOSITS OE WABANA, BELLE ISLE, NEWFOUNDLAND 

The Wabana deposits of Newfoundland would appear to meet the 
requirements of the artesian theory fully as well as the beds already 
referred to under the Clinton. The porous layers now represented by 
the ore beds, the impervious or less porous adjoining layers giving good 
artesian runways, the marine slope giving the proper inclination to the 
beds and the necessary limit of the porous layers by marine slope methods, 
and finally the great depth and continued richness of the deposits, all 
point toward artesian replacement. 

DRPOSITS OF THE MIRA VALLEY, CAPE BRETON, N. S. 

The (^anibrian ores of the Mira Valley, Cape Breton, also have the 
necessary factoi-s of artesian ore deposits. The iron ores occur in lime¬ 
stones and quartzites as the porous layers with slates interstratified, thus 
giving the same general conditions as were noted in the usual type of 
Clinton deposit. 

Study of other deposits indicates that although this theory is more ex¬ 
tensively applicable to the Clinton ores, it is equally applicable to similar 
beds of iron ore in other horizons and may be found useful in working 
out the origin not only of other iron ores but other minerals as well. 

General Summary and Conclusions 

The advocates of the sedimentary theory, although advancing many 
plausible arguments in favor of their ideas of origin of the Clinton ores, 
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yet depend upon a condition of ore deposition unknown at any other 
time, the direct precipitation of iron ores in sea-water. Posepny says 
(273, p. 121) 

“In short, a number of investigators have adopted the hypothesis of an 
original deposition from the ocean without giving any other reason than the 
observed relations of stratification. Yet, in a considerable experience with 
ore-deposits in marine limestones, I have never been able to find genuine ore- 
beds among them, but always only ores of subsequent introduction; so that I 
feel warranted in believing that such beds proper do not ewisV* 

They recognize many factors that are difficult to explain under their 
hypothesis. Many conditions are found that cannot be accounted for 
under this theory. Moreover, the principal points in favor of the sedi¬ 
mentary theory apply equally well to the Artesian Replacement Theory. 
The field conditions, hard to account for under the sedimentary hy¬ 
pothesis, are expectable under the latter theory. Instead of relying upon 
conditions unknown before or since, the writer bases his deductions only 
upon well recognized conditions that are known to have been in operation 
•during many geological periods. 

The writer has therefore come to the following conclusions in regard 
•to the origin of most of the Paleozoic interbedded iron-ore deposits: 

1) The Clinton strata were favorable for the deep penetration of sur¬ 
face water along well defined runways of porous rock, protected top and 
bottom by impervious strata. 

2) Iron-bearing solutions actually did penetrate these aitesian slopes 
and were to a large extent responsible for the deposition of the Clinton 
hematites and other interbedded iron-ore deposits. 

3) The strata were evidently marine but chiefly of a near-shore type, 
as shown by shallow-water conditions such as the accumulation of large 
deposits of fossil fragments, evidently broken to pieces by the action of 
shore waves and ocean currents. 

4) Corals were found in suflacient number to indicate that conditions 
necessary for successful growth of the polyp, such as mild climate, shallow 
water, open sea and a lack of mucli fresh water, must have existed. 

As the beds were marine, shore or near shore deposits, they must have 
been formed with a gentle seaward dip. 

The Silurian Sea produced all of the conditions necessary for artesian 
slopes. 

After these strata were formed, elevation took place, so that the out¬ 
crops were above the sea and the porous layers were then in a position to 
receive surface water. Then came a period, or possibly several periods, 
of considerable precipitation and abundant weathering; large volumes of 
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iron-bearing waters, deriving the necessary solutions from the old grani¬ 
toid and schistose rocks, found their way down these natural runways. 
The water probably contained considerable carbon dioxide (COj) and 
thus, because of its own nature, aided by increasing pressures and tem¬ 
peratures, became an active solvent, until it reached the saturation point; 
it then became a depositional agent and began to deposit. The iron salts 
were probably the first ingredients to be given up; then followed other 
constituents, such as secondaiy calcite and silica which form a prominent 
part of the final deposits. 

The solid particles which were not entirely dissolved from the original 
constituents of the porous layers, and which included in many cases large 
numbers of quartz grains, became centers for the segregation of iron. 
These quartz grains were therefore first corroded to a varying extent and 
then protected from further corrosion by layere of iron and in some cases 
secondary silica. Finally, the remaining pore space was filled in by sec¬ 
ondary calcite, sometimes mixed with iron. In a large number of cases, 
the iron replaced both calcite and quartz. This is well shown where the 
iron has worked its way into microscopic cracks and gradually clouded 
the quartz and other nuclei and in many cases actually replaced it. 

The artesian contacts are fairly clean, as would be expected, the shales 
and clays furnishing the cleanest of the contacts except those forming 
along fractures. Where such breaks occur in the inclosing layers, they 
are filled witli streaks of iron ore. The iron appears to follow fractures 
and other such planes of weakness as lamination or stratification planes. 
Iron also fills mud cracks and other holes and porous places left in the 
shales and other contact layers. 

Where iron has penetrated a short distance into the inclosing layers, it 
ap])eai’a as though much pressure had been exerted upon the solutions. 

Depth, extent along tlie dip, wide distribution, differences in composi¬ 
tion, texture and richness, all can be accounted for under this theory 
without the necessity of appealing to special conditions, unique for tjiis 
particular period. Under the artesian theory, deposits were probably 
made with the usual deliberateness characteristic of natural processes of 
deposition. It is entirely po.ss8ible that the time consumed in the com¬ 
plete filling of these artesian runways with ore was many times longer 
than the time taken for the deposition of the sediments that composed 
the original Clinton layers. 

Finally, under the Artesian Beplacement Theory, the genesis of the 
iron ores shows an interesting similarity in many ways to that of origin 
of the Lake Superior hematites and magnetites. 
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FOSSIL OSE 

no. 1.—Specimen X. Ohattanooga, Tenn. 
no. 2.—Specimen 2. Attalla, Ala. 
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F0S6IL ORF—PHOTOMIOBOGBAPHS ^ 

1.—Jtlmwoplp fiHde of inodium*textured ore from OUnton, N. Y. 

Pi8. 2.—Same slide. Note porosity. 

Fio. S.—Slide from Clinton, N. Y. Note eharader of qnarti! nudens. 
litt. 4.—Slime slide. Note Iron Hefti’esation. 

£!io. 6.—Calcite ^aunles repUieed Uy iron. Chattanooga, Temu 

Pta. 6.—Slides from Clinton, N. Y. Note replacement by Iron as In Fig. 5. 
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Pig. 1.—Specimen Loose o<Hlte«. Clinton, N. Y. 

I’lG. 2.—Spoclmea 4 and Specimen fi. 0(51 Itic ore from Big Stone Gap, Ya. 
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CAVBBNOUS CONSOLIDATION 

Fi 8. 1.—Specimen 6. Big Stone Uap, Va. 

Ka. 2.—Specimen 7. Loose quartz sand from cavity in Specimen 5. 
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SFEOIAL COHSOUSATIONS 

Fis. 1.—Iron consolidation inclosing consolidation vitbont iron. Specimen 8. 
Big Stone Gap, Va. 

Fie. 2.—Specimen 9. Similar to Specimen 7. Same ore seam. 
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SmCUL COITSOUDAHOirS 

Fig. 1.—Spedmeu 8. Magnified. 

Fig. 2.—Specimen 9. Magnified. Note poos iqpace. 
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mmi IMPBEQNAIION 

Pio. 1—Spedmen 10. Pebble In oi*e. Ontario, N. I. 

I'i6. 2.—Spedmen 11. Conglomerate ore from Big Seam, Birmlngbam, Ala. 
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CHGSTT UMESTONE SEAMS 

Pig. 1.—Specimen 12. Ontario, N. I. 

I’lG. 2.—Specimen 13. Attalla, Ga. 
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PLATE XVI 

^ FOSSU OBE—PEOTOMICfiOGBAPHS 

Tig, 1.—“ Slide from Attalla, Ala., sliowliig cloudy replacement of quartz by 
Iron. 

Fig. 2.-~Tongue of Iron penetrating a caldte grain. Ontario, N. I. 
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CONTACT SPECIMENS 

1^^. 1.—Specimen 14. Ontario, N. Yt 
Fio. 2.—Specimen 13. Big Stone Gap, Va. 
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MtTD OBACES 

Pig. 1.—Specimen 16, Clinton, N. T. 

Pig. 2.— Specimen 17. Helen Bess Mine, Birmingham, All. 
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OONTAOT SPECIUSNS 

Fis. 1.—Specimen IS. Borst Mine, Ollnton, N. Y. 
Fig. 2.—Specimen 18. Magnified, 
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PIATE XX 

CONTACT SPECIMENS 

Fig. 1.—Specimen 19, (jlinton, N. Y. Ore seam between sliale partings. 
Fig. 2.—Phiotomicrograpli of same ore as Specimen 19, showing contact 

Obliinc OBE—PHOTOMICROGBAPHS 

Bb[G, 3,-—Thick segregation of iron about quartz nucleus, Clinton, N. Y. 
Fig. 4.—Penetration of quartz nucleus by Iron, Clinton, N, Y, 

Fig, 5.—Peculiar corrosion of quartz nucleus. Clinton, N. Y. 

Pig. 6.—Corrosion and replacement of quartz nucleus. Clinton, N. Y. 







PLATE XXI 

OOLITIC OEE—PHOTOMIOBOGRAPHS 

Fig. 1.—Almost complete replacement of quartz. Clinton, N, Y. 

If'iG. 2.-*-Note corrosion and thickness of iron coating of nucleus. Kirkland 
Bed, Clinton, N. Y. 

IPhG. 8.—-Penetration of iron in small fractures in quartz nucleus. Alabama 
ore. 

Fig. 4.—^Partial replacement of caldte with iron. Aabama ore. 

4 

Fio. 6.—Segregation of iron about quailz nvclem Note replacement Ginton, 
N. X. 

Fie. 6.—'Nocleus partlaUj' replaced by Iron carbonate (?) and then coated 
with iron-hydroxide. Kirkland Bed, Cillnton, N. Y. 
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Thesis 

1. Secular climatic change has been an important factor in the evolu¬ 
tion of land vertebrates and the principal known cause of their present 
distribution. 

2. The principal lines of migration in later geological epochs have 
been radial from Holarctic centers of dispersal. 

3. The geographic changes required to explain the present distribution 
of land vertebrates are not extensive and for the most part do not affect 
the permanence of the oceans as defined by the continental shelf. 

4. The theories of alternations of moist and uniform with arid and 
zonal climates, as elaborated by Chamberlin, are in exact accord with 
the course of evolution of land vertebrates, when interpreted with due 
allowance for the probable gaps in the record. 
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5. The numerous hypothetical land bridges in temperate tropical and 
southern regions, connecting continents now separated by deep oceans, 
which have been advocated by various authors, are improbable and un¬ 
necessary to explain geographic distribution. On the contrary, the 
known facts point distinctly to a general permanency of continental out¬ 
lines during the later epochs of geologic time, provided that due allow¬ 
ance be made for the known or probable gaps? in mir knowledge. 

Introduotioxt 

ALTERNATIONS OP ELEVATION AND CLIMATE DUJUNG OCOLOGTCAL TIME 

Several years ago,- I had the honor to give a talk upon ‘^Climate and 
Evolution” before the Linnsean Society. The subject was then new to 
me—^it was an application to vertebrate paleontology' of theories in 
regard to geological history which had been brought forward by Cham¬ 
berlin a year or two previously.® I have had these concepts more or less 
in mind ever since, and though I must admit that I am far from havin" 
the evidence in shape for final presentation, I desire to submit for gen¬ 
eral consideration the conclusions thus far reached. 

Chamberlin^s theories are to-day well known and are year by vear 
gaining a wider acceptance. So far as they pertain to the present sub¬ 
ject, they differ from the older prevailing concept of geological climatic 
conditions chiefly in that they involve an alternation of climates through 
the course of geologic time from extremes of warm, moist tro])ical and 
uniform, to extremes of cold, arid zonal climates. The fonner are the 
results of prolonged base-level erosion and the overflow of large conti¬ 
nental areas by shallow seas. The latter are the results of the re-adjust¬ 
ments needed to bring the continents once more into isostatio balance, 
involving the general lifting of the continents, especially of their borders, 
the expansion of the continental areas to their utmost limits and the 
renewal of rapid erosion. 

These alternations of conditions are marked by alternations of the 
prevalent type of formation in the geological series. The uniform base- 
levtding corresponds to widespread deposits of limestones an<l in its 
waning stages with coal formations. The periods of uplift are marked 
by thick barren formations, often red in color, by indications of arid 
conditions in salt and gypsum beds and they finally culminate in great 
extension of glaciers from boreal and high mountain areas. 

® Jan. 14,1902. 

® T. C. Chambbelin : Jour. Geol., toIb. v-viil, 1897-1901. 
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Oliambeiliii’s text book of geology may be consulted, for the more exact 
and extended exposition of these tbeories. The present purpo«ic is to in¬ 
dicate their application to the evolution of land vertebrates. 


PERMANENCY OP THE OCEAN BASINS 

In the first place, we may note that they depend as a fundamental 
basis on the general permanency of the great ocean basins. The conti- 



Fig. 1. —ZooJogUal legirm on noith polar projection 

The areas within the continental shelf (lOO-fathom line) are left nnshaded. This map 
represents the true relations of land and water in the northern hemisphere far more 
correctly than does the usual Mercator projeetlon. The unity of Arctogcea and the direct 
relation is obvious between the varions degrees of isolation of the southern continents 
and of peculiarity of their faunm. 

nents have been alternately partly overflowed, separated and insular, or 
raised to their greatest extent and united largely into a single mass. The 
great ocean basins have in the main been permanent. This principle is 
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dependent upon the known facts in regard to isostasy. The rocks under¬ 
lying the oceans are heavier than those underlying the continents, as is 
proved by the deficiency of gravity measurements in the continents as 
compared with those in oceanic areas, the deficiency being most marked 
in certain, mostly high-lying parts of the continents. The conclusion 
appears una^oidable that in a broad way the present distribution of land 
and shallow water on the one hand, of deep water on the other, has been 
substantially unchanged.^ ChangCb in past geography have been of two 
kinds: 

1) Tlie continents have been alternately partly overflowed and then have 
emerged to the limits of the continental shelf. 

2) Certain lines of unstable conditions have been subject to folding and 
crumpling, accompanied with great changes of level. 

DISTRIBUTION' OF LAND AND WATER^ FRBSENT AND PAST 

The present distribution of land and water shows the great land masses 
located mostly in the northern hemisphere.® The land areas, extended 
to the borders of the continental shelf, form a single great irregular mass 
with three great projections. South America, Africa and Australasia, 
radiating out from it into the southern hemisphere. A rise of 600 feet 
would unite all the land into a single mass.® Only "iTew Zealand, Mada¬ 
gascar, the Antilles and numerous small oceanic islands would remain 
separate. The East Indian islands would be part of the main land. A 
lowering of 600 feet would isolate North America, South America, Asia, 
Africa and Australia as separate insular continents. Europe would 
form a complex of islands and peninsulas much like the East Indies of 
to-day. 

According to the present theory, we have recently passed through an 
epoch of maximum continental extension and zonal climate culminating 
in the Glacial age, marked by great aridity in the equatorial zones, by 
cold and glaciation towards the poles and in high mountain regions. A 
much earlier extreme of aridity and glaciation is seen in the Permian J 
and less marked extremes at the end of the Trias and at the beginning 
and end of the Cretaceous. The alternate extremes of warm moist and 

<In this conneotlon, however, the suggestion of Bailey Willis that the present Isostatic 
compensation may be unusually complete must he home in mind 

° It should be observed that the Antarctic continent, according to the latest data avail¬ 
able. equals or exceeds any of the other continents in bulk of emerged land: but it is •sur¬ 
rounded by deep oceans of vast extent. 

* Australia forms a doubtful exception. The soundings in the Indo-Australasian 
region are Insufficient to determine with certainty whether or not there is any continu¬ 
ous bridge within the 100-fathom line. 

^The earlier Paleozoic extremes of aridity—Cambrian and Devonian—do not come 
within the scope of this discussion. 



i^XAL8 NEW YOJRK ACADEMY OF SCIENCES 

uniform climates are seen in the early Carboniferous, in the Jurassic, 
mid-Oretaceous and Eocene. Now the base-leveling and overflow con¬ 
ditions are obviously favorable to the expansion and growth of marine 
life, especially of the littoral and shallow seas. The conditions of com¬ 
plete emergence of the continents and restriction of the littoial life to 
the steep and narrow border of the continental slielf will be unfavorable 
and will tend to what Chamberlin calls restrictive evolution of faunas. 



Fio. 2 —'IJie soutJieni continents^ south polar projection 


Ocean depths of 100-1000, 1000-2000, and over 2000 fathoms mdicated by progressive 
shading Less than 100 fathoms unshaded. The steep margins of the continental shelf 
are indicated bj hachuies. The isolation of the southern continents is in contrast to 
the unity of the northern land areas. 


Conversely on land, the great emergence of the continents will tend to 
expansional evolution and cosmopolitan faunas, while their partial over¬ 
flow and isolation will tend to the restriction of land migration and the 
development of provincial faunae. 


EFFECTS OP ALTEENATIONS OF ELEVATIOK AND CLmATE UPON EVOLUTION 
OF TEKRESTRIAL FAUNAS 

Associated with the isolated continents, we have moist tropical uni¬ 
form conditions of climate, and to this the provincial land faunae of 
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these periods will be especially adapted. The periods of continental 
emergence were periods of arid and markedly zonal climate, and the 
faunae must adapt themselves to these conditions. Such conditions, 


while favoring the “Spread and wide dis¬ 
tribution ()l races, would l^e unfavora¬ 
ble to abundance of life and the ease 
with which animals could obtam a liv¬ 
ing. The animals subjected to them 
must maintain themselves against the 
inclemency of nature, the scarcity of 
food, the variations of temperature, as 
well as against the competition of rnalb 
and the attacks of enemies. In the 
moist tropical climatic phase, animals 
v^ould find food abimdant and tempera¬ 
ture relathely constant; but the larger 
percentage of carbonic acid and prob- 
alily smaller percentage of oxigen m 
the atmosphere during those phases 
would tend to sluggishne^^. 

We should expect, therefore, to find 
m the land life adapted to the arid cli¬ 
matic phase a greater actnity and 
higher development of life, special 
adaptations to resist violent changes in 
temperature and specializations fittmg 
them to the open grassy plains and des¬ 
ert life. In the moist tropical phase of 
land life, we should expect to find 
adaptations to abundant food, to rela¬ 
th ely sluggish life and to the great ex¬ 
panse of swamp and forest vegetation 
that should characterize such a phase 
of climate. 

The oncoming cold and and condi¬ 
tions should appear first at the poles 
and spread towards the temperate and 
tropical regions. Owing to the distri¬ 
bution of the great land masses, this 
would involve a general tendency for 
the great migrations resulting from liie 
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emergeuce oE tlie coiitiiiouts to be outward Erom the two great northerly 
massea, and especially Trom Asia. The tropical and southern continents 
would be the reluge oE the less adaptable and progressive types. 

This phase of climate should, therefore, favor a higher development 
and greater activity of land life, wliile the geographic conditions favor 
cosmopolitan faunae. Wlien the climatic pendulum began to reverse its 
swing, the continents became isolated and their fauna* developed inde¬ 
pendently ; but the dominant animals of these faumn when first isolated 
would be those previously developed during the arid phase, and these 
would readapt themselves to the new conditions of moist and miiform 
climate, of prevalent forest and swamp and of abundant Cood. 


OOMPASISON WITH THE PALEONTOLOGICAL PlZCOPm 

How far do these a priori deductions correspond with the facts, as 
obtained from the geological record ? In the first place, we should keep 
in mind that our record of the laud life of the emergence phases is verj' 
defective. The sediments of this phase, where deposited along the con¬ 
tinental margins, are limited in area, thick and very barren, the condi¬ 
tions of their deposition being generally unfavorable to the preservation 
of fossils. The sediments of the interior of the continents, river and 
floodplain deposits of the Cenozoic era are more widespread and furnish 
an extensive record of Tertiary and Quaternaiy land life; but those of 
the preceding periods of aridity have been re-eroded and carried down 
to the marginal and littoial areas during the period that has elapsed 
since they were first deposited. Of the pre-Tertiary epicontinental de¬ 
posits, only the coast margin, littoral and marine deposits are extensively 
preserved. That means that the record of Mesozoic and Paleozoic land 
life as preserved to us is chiefly the record of the coast-swamp and low^- 
land regions and that we know nothing of the life of the upland, except 
by a rare accidental preservation. In considering the evidences of cli¬ 
matic adaptation during the Mesozoic, this must be kept clearly in mind. 

The great mass of evidence in favor of adaptation to progressively 
arid climate and of dispersal from the northern land regions is derived 
from the recorded history of the Mammalia during the Tertiary and 
Quaternary and from comparison of their former and present geographi¬ 
cal distribution. It has long been recognized that the present distribu¬ 
tion of mammals is due diiefiy to migration from the gi*eat northern 
land mass, and the connection of this southward march with progressive 
refrigeration in the polar regions was made more than a century ago 
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( 1778 ) by lJuffini.'' With a clearer perspeeti\e of ^eolo^ic time and far 
more exact ro(*ord^, it is clear that most of tliis deployment and disper^^al 
of the mammalian races ha^- taken place '-iiice the Eocene epoch of the 
Tertiary, although j*eiiinaiits of an older dispersal on the same lines are 
probably traceable in the present habitat of monotremes, marsupials and 
primitive inscctivores. 

inti:rpiietatiox op supposed exceptioxs 

There has been a disposition in recent years among students of geo¬ 
graphical distribution to lay freight upon cei*tain apparent exceptions to 
this general rule, where the geological record has not yet afforded evi¬ 
dence to support the northerly origin of certain groups now limited to 
the southern contments or to the tropics and to infer various equatorial 
or southern continental connections during or previous to the Tertiar}% 
in order to account for tliese exceptions.'^ To these liypotheses. there are 
several objections: 

1) The evidence for the general permanence of the great ocean basins and 
their maintenance foiwrly, as now, by isoslatic balance is very strong and 
direct, and before allowing any exceptions, we should be very sure that no 
other exi)lauation will servo. 

2) The instances adduced in favor of former equatorial or southern con¬ 
nections are distinctly exceptional cases in the faume, which may, in all the 
cases I have examined, be acc*ounted for by api)eallng to the imperfection of 
the geologic record, ]>y parallelism or by the rare accidents of over-sea ti*ans- 
portation. 

3) The existence of such land bridges would present the opportunity for 
migration of other parts or of the whole of ceii:ain faunje. which has evidently 
not occurred, I can see no good reason why the only animals which availed 
themselves of such continental bridges should be the ones which might be 
accounted for in other ways, while those which would furnish conclusive proof 
are invariably absent 

See K. V. Zittel, Ilialory of (Jeology and Pala>ontoloa,v, p. 4:'*., for a brief summaiy of 
Bufifon’a views on this subject. The theory has lieen more fully presented by many sub¬ 
sequent writers. In ♦recent years. It has been very ably set forth In its relations to 
Tertiary mammalia by Dr. rT. L. Wortman (Amer. Jour. Sel., 1003). A very readable 
little pamphlet by G. Hilton Scribner, entitled “Where Did Life Begin", 1SS4, while 
totally deficient in geological perspective, sets forth very clearly the dlvei-se effect upon 
migration of the general trend of the great mountain system, north and sooth in the 
New World, east and west In the Old. Alfred Russell Wallace is. I believe, usually 
regarded as the foremost exponent of this theory on the distributional side; but it Is 
scarcely necessary to catalogue the principal exponents of a view .so long and so gen 
erally held, 

®The distinguished Argentine paleontologist, Florentine Ameghlno, has for twenty 
years past advocated a theory the direct opposite to That currently held, and he would 
derive practically all groups of mammalia from n South American center of dispersal. 
The evidence for and objectlims to this theory will l>e discussed In the setpiel. 
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4) Many v;tudentfc, of geograpliic distribution proceed on wbat appear to me 
to be wholly false premises. They assume that the habitat of the most primi¬ 
tive living member of a race is the original habitat of the race, the most ad¬ 
vanced forms Inhabiting the limit of its migration. It seems to me that we 
should assume directly the reverse of this. 

PKINCIPLES OF DISPERSAL 

Whatever agencies may be assigned as the cause of evolution of a race, 
it should be at first most progressive at its point of original dispersal, 
and it will continue this progixjss at that point in response to whate\cr 
&timnlus originally caused it and spread out in successhe waves of 
migration, each wa^e a stage higher than the previous one. At any one 
time, therefore, the most advanced stages should be nearest the center 
of dispersal, the most conservative stages farthest from it. It is not m 
xiustralia that we should look for the ancestry of man, but in Asia. 

In the same way, in considering the evidence from extinct species 
to the center of dispersal of a race, it has frequently been assumed that 
the region where the most primitive member of a race has been found 
should be regarded as the source of the race, although in some instances 
moi*e advanced species o£ the same race were living at the same time in 
other regions. The discoverj’ of very primitive sirenians in Egjpt while 
at the same time much more advanced sirenians were living in Europe 
has been regarded as e^idence that Africa was the center of disper^^al of 
this order. It is to my mind good evidence that it was not. It is \ cry 
common to see references to the African facies of the lliooene or Pliocene 
mammals of Europe; but it is much more correct to <?ay that the modem 
African fauna is of Tertiai^ aspect and is in large part the late Tertiary 
fauna of the northern world, driven southward by climatic diange and 
the competition of higher types. 

The chief arguments advanced in support of the method here criticized 
appear to be that the modification of a race is due to the changes in its 
emironment and that the primitive species are altered more and more 
as they spread out or migrate into a new environment; but, assuming 
that a species is the product of its environment, the conclusions drawn 
would only hold true if the environment remained constant. This is 
assuredly not the case, and if it were there would bo no cause left for 
the species to change its range. In fact, it is the environment itself, 
biotic as well as physical, that migrates, and the primitive species are 
those which have followed it, while those which remained have had to 
adapt themselves? to a new environment and become altered thereby. 
Probably, it is never the case that the environment <»f the marginal 
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species is an absolute replica of the older environment of the race. In 
many cases, it must be profoundly modified by its invasion of new region^, 
and there are many features in the evolution of a race which appear to 
be only partly, if at all, dependent on environmental change. But to 
assume that the present habitat of the most generalized members of a 
group, or the region where it is now most abundant, is the center from 
which its migrations took place in former times appears to me wholly 
illogical and, if applied to the higher animals as it has been to fishes 
and invertebrates, it would lead to results absolutely at ^ariaueo witli 
the known facts of the geologic record. 

REVIEW OP THE EVOLUTION OP VERTEBRATE LIPE 

To my mind, this hypothesis of the evolution of land life in adaptation 
to recurrent periods of aridity supplies a satisfactorv background of 
cause for the whole evolution of the higher vertebrates. 

We may set aside earlier periods of aridity and continental extension 
signalized ])y the de^elopment of invertebrate land types, whose early 
terrestrial adaptation is whoUy hypothetical, since the known portion of 
their history is so small and so remote from their origin that we cannot 
project it backwards with any sort of exactness. As Barrell has pointed 
out, the arid period of the late Devonian coincides with the probable time 
of the first adaptation of vertebrates to terrestrial Ufe. In the arid period 
of the Permian, we see the conditions more clearly prevalent which 
favored a much more extensive development of land life, and tliis period 
marks the rise and early differentiation of the Eeptilia. That reptiles 
first differentiated from amphibia as a dry-land adaptation seems to be 
obvious; that the period of their rise corresponded with the greatest ex¬ 
treme of aridity, continental emergence and glaciation between Cambrian 
and Quaternary would, I think, be also generally admitted. The domi¬ 
nant order of land reptiles up to the close of the ilesozoie was the <lin(>- 
saurs, preeminently a dry-land adaptation in their inception, since their 
most marked characteristic lies in their long limbs, bipedal progression 
and general parallelism in proportions and structure to the large ground- 
birds of modem times, which are to-day peculiarly inhabitants of arid 
regions. The relationship and origin of the more specialized, mostly 
gigantic, dinosaurs of the later Mesozoic can be best explained by regard¬ 
ing them as a succession of derivatives from smaller and more lightly 
constmeted upland dinosaurs, mostly unknown to us, the larger and more 
specialized types being re-adapted to a swamp life and inhabiting the 
coast marshes whose sediments are still preserved, while the more direct 
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]uw ()l (liii(>siiurinn (‘\olution inhabited the uplands, where the sediments, 
if snch were depubited, ha\G long since been removed l\v erosion, and the 
laiina is consequently unknown to us, except by inference. It is quite 
impobsible to trace the e\olution of the dinosaurian phyla through the 
same nearly direct senes of known forms as can be done in the phyla of 
Tertiary mammals. But I may observe that if our knowiedge of the Ter¬ 
tiary sediments were limited to the coastal swamp deposits,—if in this 
eountr}% for instance, w’o knew only the Tertiaiy of the Allantic and 
Oulf coasts,—^we would be equally at a loss for any direct ancestral series 
illustrating the evolution of the Mammalia. 

The '^amc explanation, namely, that tlie geological record in the Meso¬ 
zoic ih defectixG where its e\i(lence would be most direct as to the evolu¬ 
tion of land \ertebrates, applies both to birds and to mammalb, but espe¬ 
cially to the former. The exceeding scantiness of fossil birds and mam¬ 
mals during the Mesozoic and their apparently sudden appearance in the 
record, already well deployed, is often explained by supposing them to 
have e\olved mainly in some continent not yet investigated. It appears 
to me that a simpler and more probable explanation lies in the fact that 
the formations of the interior of the Mesozoic continents have in general 
not been preserved and that this facies of the Mesozoic faunae is conse¬ 
quently unknown to us. 

It may be objected that remains of dry-land animals would be brought 
down by rivers and deposited in their deltas and thus preserved to our 
day. This may, of course, occur in exceptional cases. How rare is the 
exception, we may judge from the exceeding rarity of remains of land 
animals in true marine deposits, where the chances for their preservation 
.should be almost equally great. 

In marked contrast with the evolutionary record among dinosaurs, 
stands the record of development of the non-marine crocodiles and che- 
lonians, whose normal habitat was the swamp regions and whose more 
direct evolution is in consequence recorded since the Mesozoic. Eemain- 
ing in a constant environment, they evolved but little, though their abun¬ 
dance and geographical distribution varied. 

Throughout all the evolutionary history of the vertebrates, we see 
numerous examples of races which, having become a<lapted to a higher 
]}lane of life, have re-invaded a lower plane. In each instance, the higher 
organization and greater activity acquired in the higher plane have caused 
them to become dominant, increase rapidly in size and spread widely in 
the absence of efficient competition. Thus we find various groups of ma¬ 
rine reptiles appearing with apparent suddenness in the Mesozoic, becom¬ 
ing very abundant and of gigantic size, spreading very widely and then 
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being replaced by new invabions from the land instead of e\ol\ing further 
in their new habitat. The ichthj’osaurs, plesiosaurs, mosasaurs, sea- 
crocodiles, sea-turtles, arc examples of this sort among reptiles; the ceta¬ 
ceans and seals among mammals. These invasions from a higher to a 
lower plane of acti\o life ha\e been \ery frequent, so that their recogni¬ 
tion is necessary in tracing evolutionar}’ series. The converse mo^ement 
from a lower to a higher plane, as from aquatic to amphibious, from 
amphibious to terrestrial, from terrestrial to arboreal or aerial, have been 
slow, difficult and lor the most part have occurred but once or twice in 
the geological history of vertebrate life. The higher field once occupied, 
the lower adaptation was handicapped in its attempts to rise. 

lMPERFECTIO]!f OP THE GEOLOGICAL ElXOllD 

Everyone ib familiar with Darwin s classic illustration of the imper¬ 
fection of the geological record;^® but I doubt whether the majority of 
paleontologists realize how ^ery imperfect our record is, e^en to-da\. We 
know more about fossil mammals in proportion to their modern numl^ers 
than about any other of the larger groups of land animals; yet the num¬ 
ber of species of which we have an} adequate knowledge is but a minute 
fraction of the number which must have lived since the class first came 
into existence. Were it not so, the fossil species would vastly outnumber 
the living forms; as it is, they form a small minority. Moreover, the 
greater number of recorded fossil species are hardly more than nomina 
nuda, each known from a single fragmentary jaw, a tooth, a scale, a 
broken bone, indicating indeed that an animal otherwise miknown lived 
at a certain time in a certain locality but giving xery little information 
as to its entire stmcture, its habits, its geographical ami geological range. 
The relationships of these imperfectly known species, provisionally stated 
by the describers and adopted without the query by subsequent writers, 
are one of the most fertile sources of error in paleontological theories. 

Mammals undoubtedly existed during the entire Mesozoic, an era about 
three times as long as the Cenozoie. Two thirds of their evolution must 
have taken place during that time; and by the end of it, the principal 
modem orders were already defined. But we have not a skeleton, or even 
a skull of a single Mesozoic mammal.^^ Two jaws and a few teeth from 
the Triassic, a number of more or less fragmentaiy jaws from the upper 
Jurassic and various teeth and fragments of jaws from the uppermost 
Cretaceous represent the sum total of our real knowledge oi the first two 


“In tlie Origin of Species, at the end of Chapter X. 
“Setting aside Triiylo^on as of donbtful aflSnitles. 
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tliirdb of tlic evolutionary history of the Mammalia. The rest is theory 
and hypothesis. 

Assuredly, we have no right to assume that the few species which have 
been founded upon these fossil remains represent at all adequately the 
number and variety of mammals that lived during the Mesozoic; nor can 
we even suppose that they fairly represent them. Only two^^ of the 
numerous phyla of early Tertiary mammals can be at all directly derived 
from known Mesozoic ancestors. The rest are descended from unknown 
forms. We may suppose, from the evidence at hand, that the known 
Jurassic and Cretaceous mammals were arboreal swamp-dwellers and that 
the chief reason why We know so little of the Mesozoic mammals is that 
the deposits of the upland regions where they chiefly lived have not been 
conserved to our day, or at all events have not been recognized and suffi¬ 
ciently explored for fossils. 

In the Tertiary, mammals suddenly spring into (apparent) promi¬ 
nence, mainly, it may be assumed, because the fluviatile and eolian forma¬ 
tions of the Cenozoic still exist in many localities, although they are being 
rapidly eroded and carried down to the coastal swamp and sea margin 
areas of deposition. Epicontinental deposits of Eocene age are rare and 
scattered, and our knowledge of Eocene mammals is obtained from only 
a few localities and largely from fragmentary specimens. Through the 
following Tertiary epochs, these deposits become progressively more ex¬ 
tensive and abundant, and our knowledge of fossil mammals is corre¬ 
spondingly greater. Finally, in the Quaternary, they form a mantle over 
most of the earth's surface, and the fossil mammals are so well known 
and so many specimens from so many localities have been found that we 
can get a fairly accurate idea as to the range of many species, not merely 
aa discovered in one or another continent, but as to vhat parts of that 
continent they inhal)ited. 

If our knowledge of fossil mammals is incomplete, that of fossil birds 
is very much more fragmentary. They probably came into existence at 
al)out the same time as mammals, but the early stages of their evolution 
are even more obscure, and comparison of the li^ ing memliers of the class 
affords less e'videnee than with mammals as to their source and course of 
progress. They are even rarer than mammals in the Mesozoic. Two 
skeletons and a feather from the Jurassic of Bavaria, a number of skele¬ 
tons and fragments from the late Cretaceous of Kansas and a few frag¬ 
ments of the skeleton from Cretaceous formations in Kew Jersey and 
Europe,—^these are all we know of a class which was probably very large 


^ Plagiaulacidffi and Dldelphyide. 
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and vanefl during the ilcsozoic. Our knowledge of Tertiary and Quater¬ 
nary birds is nmeh more extensi\e, but it bears no comparison to our ac¬ 
quaintance with Tertiary mammals, and the materials on which it is 
based are for the most part very fragmentary, their identification often 
questionable. We may say, however, that Mesozoic birds are more com¬ 
pletely known than Mesozoic mammals; that is to say, we know the entire 
skeleton of two or three, and in consequence can estimate their affinities 
more certainly and exactly. On the contrary, the fragmentary remains 
of Cenozoic birds make our estimates of their affinities proportionately 
uncertain and inexact. 

The Eeptilia are a more ancient class than either hmh or mammals 
and include tlie ancestral typos of both. Our knowledge of fossil reptiles, 
in comparison with their probable numbers and variety, past and present, 
is much less than with mammals, more than with birds. We cannot, as 
with Tertiary mammals, reconstruct approximate evolutionary phyla of 
the several racers from knoTO fossil forms; yet the evidence is sufficient to 
give a reasonable basis for inferential phyla of some degree of exactitude 
among many of the Mesozoic and Tertiary reptiles. But the origin of 
the Eeptilia, like that of the Mammalia, is wrapped in obscurity, and the 
interrelationship of the more ancient groups is a puzzle not yet solved. 
We have a fairly extensive acquaintance with the Eeptilia of certain 
habitats at certain epochs; but there were evidently long intervening 
periods and important faunal facies of which we know nothing or next 
to nothing. 

The Amphibia are not a \ery important group at present and are al¬ 
most unknown as fossils, except for the so-called armored amphibians or 
ytegocephalia, whose relations to the modem frogs, toads an<l salamanders 
are still far from clear. This ancient group was abundant and varied iii 
Carboniferous, Permian and Triassic times and is supposed to have given 
rise to the Eeptilia; but the relationship has not been satisfactorily dem¬ 
onstrated by fossils, nor is there direct evidence of the interrelationship 
of the several groups of stegocephalians. 

A wide gap separates the oldest four-footed vertebrates from any known 
fishes, living or extinct. 

Zoological Ecgioxs, Pa^t Prcsext 

The zoological diraions of tlie land surface of the earth are given by 
Lydekker^® as follows: 

^ Richard Lyddsker : A Geogmphlcal nistovy of 21ammaLs. ISOO. This Is a modifi¬ 
cation of the regions proposed bj Sclater In LS."*S < Jour. I*roc Linn, Soe. roL II, pp. l.'JO- 
14G) and adopted by Wallace In 187(> i Geo&rraphical Distribution of AntmalsL 
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The Polynesian and Hawaiian regions have played no material part in 
the evolutioji of mammalian faxmas and do not call for any special con¬ 
sideration here. The limits of the remaining regions are shown on the 
accompanying map. The eight principal '^regions'^ are by no means 
equally distinct, and their combination into three ‘^realms'" does not re- 
nioxe this defect. Of the five included in Arctogjea, the Sonoran is 
closest, the ^Malagasy and Ethiopian farthest removed from the central 
Ilolarctic region, if we take into account both the recent and extinct 
faunas. The true relations of the several regions might perhaps be better 
represented thus: 

Boreal Subregion 
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Neotropical 
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Nearctic 


Palearctic 


Holarctie Region 


Oriental Region 


Mediterranean 
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Ethiopian 
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The Holarctie region in its broader sense, including the Sonoran and 
Mediterranean subregions, is liounded by the tropic of Cancer, except 
w'here (as in Asia) the dispersal of the fauna from a northern center has 
been hindered by east and west mountain systems, or (as in America) 
facilitated by north and south mountain systems. The Sonoran sub- 
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region inelndes- most oL' the United States and northern Mexico; the 
eorrebpcmding subregion in the western half of the Old AVorld is the 
Mediterranean, including Europe south of the Alps and Pyrenees, part 
of southwestern Asia and Africa north of the Sahara desert. 

The Oriental region corresponds in the eastern part of the Old ^Yorld 
to the Mediterranean and Sonoran &u])regions, but, partly because it in¬ 
cludes the great East Indian islands and partly because of the barrier 
interposed by the Himalayan ranges, it is more clearly differentiated 
from the Ilolarctie and may best be regarded as a region of itself. 
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Fia. r >.—Clwiat feiisfic features of the mammal faun<B In different aobloylcal regions at 
sHCiessiic epochs of the Cenozoio 


Austromalaya is the debatable ground between the Oriental and the 
very distinct Australian region; but the consensus of opinion classes it 
by preference with the Australian. It includes Celebes, the Moluccas, 
Timor and smaller islands and is separated from the Oriental region by 
“Wallace’s Line/' 

The Australian region includes Australia, Kew Guinea and Tasmania 
and is the most remote and archaic of all the great (continental) regions 
of the globe. Hew Zealand is included in the Polynesian (island) region. 

The Ethiopian region is connected with the Holarctic by the Mediter¬ 
ranean subregion. It is perhaps more distinct than the Oriental, cer- 
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tainly less so than tin* Xeotropical reirion. The ilalagasv siibreirion is 
related not to the modern but to the Tertuir. Kt]iio}naii region; its sup¬ 
posed Oriental afiinities will be eonsidered later. 

The Xeotropical region is uoiineeted with the npieal Ilolaretic through 
the Sonoran, as the Ethiopian is through the Mediterranean interme¬ 
diates; but the relationship is more remote. During the Tertiary, the 
region was much more distinct than it is now. 

In consi<lering the records of past faiiiice of one or another of tliese 
recrions as a guide to the dispersal of different gi*oups, it is very necessary 
to remenil)er that our records are (»ften chietiy or wholly from a small 
part of the region, often tar from typical. 

Our knowledge of Pahearctic' fauna.* in the early Tertiary is wholly 
from western Europe, an outlying, marginal part, more or less submerged 
and archipelagic. It'? relations to the main h(»dy of Palaoarctic land life 
were probably much like those of the East Indian archipelago to the 
continental portion of the Oriental region. In the later Tertiary and 
Quaternary, we obtain a broader outL»ok on the Palsearctic fauna, l)ut 
even then it is ineomi‘)lete. 

In the Oriental region, we know nothing of the land life of the early 
Tertiary, and in the later Tertiary we know only the life of its northern 
borders, close to the Pakearctic region and doubtless more nearly approxi¬ 
mating the Palacandie fauna then than now, as the Himalayan barrier 
was less eomplke. 

The result of tlicM* two facts will a]>parently be that the early Tertiary' 
Pakearctic fauna will appear by the record to be le^s progres.-.i\ e than it 
really was and that the Tertiary Oriental faima will ajipear to bo more 
progressive than it really was. In the Xeariiie Tertiary, the rec'ord is 
chiefly confined to the We-stern plains: we know little of the Canadian 
Xcarctic—presumaldy more proaressive. lu the forested regions of the 
East and South, where W’e might expect to find primitive sur\ivals, or on 
the Pacifit- coast, wiiere we might expect t<» ►see •stronger Pakearctic iullu- 
eiK'O, our knowledire is very imperfect, althouifh the fiwv availal>lc data 
are in <-onformity with a priori deductions. 

In the Xeotropical region, our chief dependence is upon the Argentine 
fauna* whi(‘h should be ]>oth the most ])rog^essi^e and least influenced l)y 
Xorthern immifirratioii. 

In the Ethi(»pian regitm, w'e have but a single glimpse of the Tertiary 
land fauna, and that is derived from Egypt, where we might expect b) 
find a transitional faima, combining true Ethio]>iaii autochthones with 
immigrants from Pala‘arctic or northwestern Oriental fauna?. Rut, since 
the water barriers to the north of Egy[>t ivere more extensile and the 



2F\TTHn\\\ CLIMATE AXD fJ\ OLUTIOX 


189 


debert harrier to the south less developed in the early Tertiary than they 
are to-day, we should expect that the autochthonie eleinent would be 
dominant and that Tertiary Egj^pt beloiyijpd to the Ethio])ian zoiilogieal 
region, although modern Eg}’pt does not. 

These may serve as instances of the caution with whicli the geological 
record must be used in attempting to estimate the position and source oi* 
regional faunae. 

The regions here adopted are based primarily upon the present and 
past distribution of mammals. Birds, reptiles, anipliihians, fre&h-water 
fishes and the various groups of terrestrial invertebrates are not wholly 
in accord with this arrangement so far as their present distribution is 
concerned. This is ]>artly because the means and limitatioiib of their 
dispersal differ, chiefly, as I shall attempt to show, hecaubc little is 
known of their former distrilmtion. 

Tormer Barriers and Bridges 

The general principle of dispersal on the lines of the present r'untinents 
is oi)en to an ob\ious objection. The outlines and (*oime(*tions of the 
continents were different in former times. The relations of land ami 
water were not the same. In fact, if one depends upon a text-book taiowl- 
edge of geolog}' he may find authority for an assured lielief that they 
were fundamentally and altogether different in <lif['ereiit geologic periods. 
It is necessary therefore to point out that the stratigTaphic Jio less than 
the life record is a defective one, and that the really pro\efi changes in 
the distribution of land and water are limited to those summarized on 
page ITo. The geotectonic hypotheses s(j ably and brilliantly elaborated 
by Suessd'^ Haug^^ and other writers, are not facts but theories, and I 
must confess to a decidedly ske])tical attitude towards s(»mo of their con¬ 
clusions. There are too many gaps in the chain of their arguments; too 
many kiioum facts with which their eoiiclusions appear to be inconsistent. 

The permanency of the continental platforms is indicated by the ab¬ 
sence of abyssal deposits in their sedimentary succession wherever this 
has been adequately studied. The platforms ha\e been exteiisi\ely over¬ 
flowed b}' shallow seas, but such submergenc(\s were temporary, and inter¬ 
vening periods of uplift are indicated by gaps in the marine succession. 
Wliere the geologic records are fragmentary, widely scattered and imper¬ 
fectly correlated, there often is a tendency to exaggerate the extent and 
permanency of such overflows, as also to assume extensive unknomi con¬ 
tinents to account for the existence of clastic sediments which were more 

«E. SuBSs: Anllitz der Erde. 1888-1901. 

“B. IlArft: Traltd de Goolo^le. 1912. 
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probably dernecl from unsubmerged adjoining portions of the existing 
continents. We are apt to assume that great displacements of strata in¬ 
volve correspondingly great changes of level. They do not necessarily; 
more probably, in most instances, the erosion has kept pace more or less 
closely with the displacement. Even where great changes of level have 
occurred, they often have been, and more often may have been, of re¬ 
stricted extent and compensated by opposite changes in regions imme¬ 
diately adjoining, and most of them have had but little extensive or 
permanent effect on the general configurations and relations of the conti¬ 
nental platforms. 

The relati\e permanency of the Xorth American continent is very 
(dearly brought forward in Schuchert’s maps.^^ Yet even here, if one 
may ventxire a criticism on so thorough and conservative a study, there is a 
certain loss of conservatism where the outlines run into territory where 
the evidence is inadequate, as in the Antilles and the Arctic seas. The 
imperfect data available for the South American continent appear to in¬ 
dicate general conditions very similar to those of its northern neighbor; 
nor does it appear that Africa and Australia were any less permanent 
land platforms. Northern Eurasia appears to have been similarly perma¬ 
nent, but across Central Europe and extending southeastwardly to the 
Bast Indies lies a broad strip of disturbance where great changes have 
occurred during later geologic time. But the extent and permanency of 
the great central sea which is so frequently depicted as interposing a 
broad ocean between tlie Holarctic and the Ethiopian and Oriental land 
masses is by no means certain, especially as regards its eastward exten¬ 
sion. I cannot find in the recorded facts proof that it afforded any more 
continuously effective bar to dispersal along the lines of the present con¬ 
tinental relations than did the middle Cretaceous overflow in North 
America or the early Tertiary one in South America. 

Perhaps the most widely accepted departure from tlic permanency of 
the ocean basins is the supposed Gondwana Land, invented to account 
for certain similarities in southern Paleozoic floras, and since used to 
account for almost all cases of similarity among southern flora? and fauna* 
which were not demonstrably due to dispersal from the northern conti¬ 
nent. This theory has in its original form gone so long uncontested that 
it is very generally regarded as incontestable. New discoveries have been 
interpreted in terms of it, the weakness of the original evidence, the pos-* 
sibility that it might be otherwise interpreted, has been forgotten, and 
like the Nebular Hypothesis, it has become almost impossible to dislodge 
it from its place in the affections of the average geologist. 


« Charles S<irrcnrRT: Bull. Cleol. Soc. Amer., vol. 20, pp, 427-006, pll, xlvl-cl. 1910. 
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If the ilistribution of animals be interpreted along the lines here advo¬ 
cated, there is no occasion for a Gondwana Land even in the Paleozoic. 
Bui it is chiefly as affecting Mesozoic or Cenozoic dispersal that we are 
here concerned with it. One may summarize the arguments for it by 
saying that a considerable number of groups of animals and plants which 
are absent in the northern world, either living or fossil, are found in the 
southern continents and some of them in certain oceanic islands as well. 
Most of the groups arc unknown or almost unknown as fossils; those 
which have any considerable fossil record are steadily being eliminated 
from the list by the progress of discovery, showing that they or their an¬ 
cestors did formerly inhabit the northern world. The remaining groups 
agree witli those southern faunal groups which have admittedly come 
from the north, in being of primitive and archaic type and in that their 
representatives in the different southern regions are but distantly related, 
the remoteness being in a very direct proportion to the present isolation 
of the region. 

There are a few instances of exclusively southern types closely related 
(e. g., Qalaxias ); but, although they have been cited in corroboration of 
the evidence from the groups above mentioned, they are in fact, if thus 
interpreted, directly contradictory. For the distant relations of the one 
series is interpreted to mean a very ancient connection, but isolation 
since; while the other scries would indicate a very recent comiection and 
earlier isolation. The explanation here lies not in a nortliem ancestry, 
but that the ocean does not form an impassable barrier to their dispersal. 
This has been proven in the case of Qalaxias; it is probably the explana¬ 
tion of aU similar distributions. 

The relations of the Olossopieris flora are a different and far more com¬ 
plex problem of distribution. The clue to its interpretation lies perhaps 
in its association with Permian glaciation; but it is outside the limits of 
the present essay and will not be discussed here. 

BeGIOITAIi CORRBLATIOIT 

The geological correlation of widely distant formations is so intimately 
bound up with problems of geographical dispersal and migration that the 
two series of problems must needs be studied and solved together. We 
cannot arrive at a correct understanding of the history and causes of the 
geographical distribution of animals, present and past, without correct 
correlation of the geological succession in different regions. Ifor have 
we, up to the present time, any reliable methods of exact correlation in 
widely distant regions except the comparison of fauna and a considera- 
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tion of their source and the liiatory of their migriiiion and dispersal. 
Absolute standards, as of world-wide changes in physical or climatic con¬ 
ditions, may serve in the future to give us broad lines of correlation inde¬ 
pendent of paleontology; hut at i)resent their universality is hypothetical, 
the exact train of ]jhysical phenomena which they cJitail and the indi(*os 
by which they may be recognized in the stratigraphic succession are im¬ 
perfectly known. Paleontology is for the present our sole recourse in 
correlation. Probably it will always be our chief dependence, at least in 
exact and detailed comparisoJi. 

SYN-CimONTSM AND HOMOTAXIS 

Tlie ordinary methods of paleontologic correlation (*an be applied with 
a{'(mriic} and cci*tainty only over limited areas of tlie earth s surface. 
When a]-)]died to far-distant regions, we meet first with the diificulty that 
there is little identity of faunas only an crjuivalence more or less exa(‘t. 
Nor can we lie hure that equivalent or even identical forms wore contem¬ 
poraneous in all parts of the earth. They certainly are not so to-day. 
The modern land fauna of Australia, as ITuxley long ago insisted,is in 
its broad lines a Mesozoic fauna. Examined in detail, it shows indeed 
the marks of a long period of imlcpendent evolution and specialization. 
Yet the degree and amount of specialization is far less than that which 
the faunae of the northern continents have undergone during the Ceno- 
zoic. The modern fauna of the East Indies or of Central Africa has a 
great deal in (*ommon with the later Tertiary fnuna^ of Europe and north¬ 
ern Asia. CV'iitrnl America and tropical Routh Ameriiai liear similar 
relations to North America. lYhilc TTu\ley^s dictum lhal an older fauna 
in one region may be homotaxial with a later fauna in another does not 
apply to the extent of involving identity of all or most of the sj)C(*ios, yet 
it very clearly does apply in a broad way to the land faiune and probably 
to a less extent to the marine fauna' as well. The rate at which evolution 
and diflerentiatioii ]>rogr(‘ss varies as between the fauna' of dilforcnt re¬ 
gions. It varies as betweeji the different constituents of a fauna. Neither 
the partial identity nor the gejieral equixaleiice of two fauna' is sulTieicnt 
to prove them sjmehronous, except under certain conditions to be con¬ 
sidered later. 

Another method very generally used in correlation of faunae which 
contain little or nothing in common consists in an estimate of their rela¬ 
tive antiquity as indicated by the proportion of extinct to surviving spe¬ 
cies or genera. This also involves the assumption that the rate of progress 

«T. H. Hdxlby : Q. I. G. S., vol. xvill, pp. xMlv. 1862. 
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of e\()lutioiiJtry clian^iro is constant in all parts of tho earth, at least for 
iuonil)ei> of ilu* same ‘‘•ronp. Hut if the rate varies in dillercnt regions 
for ilie fauna as a whole, we have no reason to belie\e that i1 would be 
eonsiani for eonnnon or similar groups. 

Th(* praetieaJ applieatioii of this metiiod is very unsatisfactoiy. In 
illustration of tliis, I may instaueo the widely divergent views entertained 
by (lilTorent authorities as to the age of the later geological formations of 
Argentina in comparison witli European standards. Able and authori¬ 
tative discussions of this prol)lem have appeared within the last few years 
by Aiueghino,^'' Hothd^^ (iandi*y,-“ Seott,-^ Hatcher,Ortmann,^® Stan¬ 
ton, von IheriTig, Wilckons, (k)Shinann, ^Viman and otlmrs, dealing with 
the vert(‘brate and invertebrate fossils and stratigraphic relations of the 
formatiotis. The Held work has been e\iensi\e, the colleetions large, the 
faiiiim are large and varied and in large part well known; Init the results 
are widely diseordaiit. ^Flie aimaint of dis(*ordanco is indicated by the 
correlation of th(‘ four ])rin(*ipal terrestrial formations, as given by 
Ameghiiio, Roth, (ilandry and Seddosser. 

The correlation of widely distant formations is so intimately hound up 
with problems of geographic distribution and migration that the two 
scries of problems must be studied and solved together. The methods 
relied upon by Roth ajid Aniegliiiio are substantially the same as those 
generally used by nortlioru authors. WTiy then do they lead to such dis¬ 
cordant results? It is because the data on which they rest prove not con¬ 
temporaneity but homotaxis. (Jranting that two faunae in widely remote 
regions contain the same ])roporti<)n of extinct species, granting (hat 
they represent equivalent stages of evolutionary progress, they are not 
thereby shown to be contemporaneous, unless they are at the same dis¬ 
tance (measured not in miles hut in difficulty of advance) from the main 
center of dis])(*rsal of the fauna which they contain. Very obviously, if 

ARu:(iniN(>: “L'.Vuo doH FonmUioiiK St‘dim(*ntalreH de IViuftonle,” Anal. So<u 
(Mont. Awiit., loin. L, LIV; pp. t-2ai of Hopnrala. 1003. “Formations Sedimentairos 
du Cretnee Sui)erioiir el dii Tertlaire d(» Untaftonic,” Anal. Mus. Nac. Itnenos Alros, tom. 
XV, pp. l-nilR. 1007. 

'®Sa\tia(j<) Kotii : “Ileltraf!; ziir (Jliederuni? dor Sedimcntabla;;eruiif^cn in ratni?onion 
und der rainpasrealon.” Nenos Jahrb,, JRell.-Bd. xxvl, s. 02-150, tnf, xi-xvil. lOOS. 

^A. OAiiDuy: “Fosslles do Pataftouio, etc.*’ Ann. de Pal^ont. I. lOOO. 

ai\V. n. Sc’ott: Mammalia o£ the Santa t*niz Beds in Rep, l^rtnc. Unlv. Exp. Pata¬ 
gonia, vol. V. 1003, Int. Cong. Zool., Beime, C.-It., pp. 241-247. 1005. A Fllstory of 
the Ijanrt Mammals of the VVestom IlemiHphere. 1013. 

s® J. 11. TIatcubr : “On the Geology of Southern Patagonia.” Amer. .Tour. Sei., vol. iv, 
pp. 327-354. 1807. “Sedimentary Itoeks of Southern Patagonia,*’ fb/rif., vol. Ix, pp. 

80-108, IhUl, vol. XV, pp. 4S3-4S0. 1003. 

®8A. Oiitmann: Tertiary Invertebrates In Report Princ. Unlv. Exp. Patagonia, vol. Iv, 
pp. 45*332, pll. xi-xxxix. 1002. 

See for further references the bibliography In Ameghino, 1007, supra, pp. 8-18. 
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Table I.— Gorrelatim of the Four Principal Terrestrial Formations 



Ainec^hino, 

1906 

Roth, 1908 

Gaudry, 1906 

Schlopser, 1912 

Pleistocene 

^ Pampeaii 

1 

J Pampean 

Pampean 

Pampean 

Pliocene 

Miocene 

Santa Cruz 

Santa Cruz 
Pyrotherium 

Santa Cruz 

Oli«ocene 


■ ■ 

Eocene 

Santa Cruz 

Pyrotherium 

Pyrotherium 

Notoatylops 

Paleocene 



Notoatylops 

- - 

Upper 

Cretaceous 

Pyrotherium 

Notoatylops 


Lower 

Cretaceous 

Notoatylops 





the principal center of dispersal of Mammalia was in the Holarctic re¬ 
gion, the fossil mammals in southern regions invaded by that northern 
fauna will appear in their homotaxial relations to be more ancient than 
they really are. The modern fauna of South America, of Africa, of the 
Oriental regions, will be in the same stage of evolution as tlie late Ter¬ 
tiary and Quaternary faunae of Holarctica. Its species will be more 
nearly related or equivalent to Pliocene and Pleistocene species of Europe 
and North America than to their modem fauna. The late Tertiary 
m am mals of the southern continents will approximate in homotaxis the 
middle or early Tertiary mammals of Holarctica; and the middle Ter¬ 
tiary southern faunae will approximate the early Tertiary or late Cre¬ 
taceous faunae of the north. 

On the other hand, if we believe, as does Dr. Ameghino, that the prin¬ 
cipal theater of evolution of the mammals lay in the tomporate regions 
of South America, and that the mammal population of the North was 
derived by migration from that center (by way of Africa across a tropical 
land bridge not now existing), it will be equally obvious that the southern 
formations will be more ancient than their homotaxis, impartially con¬ 
sidered, would lead us to believe. The result will be to assign to the 
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Cretaceous period those soiitlierji faunjo which are homotaxial witli tli(' 
early Eocene of tlic North; to the Eoeoiic those fauiuo which are hoiuo- 
taxial willi the Middle Toriiary of the Nortli, and so on. 

To a certain (‘xient, the intercalation of marine formations maj i)ro- 
vide a check on this relationship, but it must be remembered that the 
same theories of dispersal may also apply to marine faun®, wholly or in 
part. Homotaxial marine faunae may be far from contemporaneous. 
The chief center of dispersal of marine faunae may be assumed to be 
either the equatorial oceans and coasts, the northern, or the southern 
seas, or both north and south equally. Only when the movements of dis¬ 
persal are in opposite directions on land and in the seas will the marine 
fauna) furnish an ade(|uatc check on the homotaxis of land fauna); and 
in tliat case the trno synchronism mnsl be arrived at by balancing con¬ 
flicting evidence derived from tcrroatrial and marine faunal comparisons. 

It is true that if we eliminate the idea of faunal dispersal altogether 
and regard each race of animals as evolving and dispersing independ¬ 
ently, governed by its own conditions and causes of change, we may in 
the present imperfect state of our knowledge lay out various and inde- 
pendont centers of dispersal for difloront races, whose successive appear¬ 
ance in one or another continent will furnish data for a true correlation. 
There has been a strong tendency in the last half century to work on this 
theory, but in the present writer's opinion at least, tlie supposed evidence 
in favor of this view is due chiefly to the imperfection of the geologic 
record, and its very wide acceptance to a lack of appreciatimi of the 
underlying causes of evolniionaiy ])rogress and dispersal. 

I do not understand how anyone can reconcile the theory tliat each 
race of animals evolves and disperses independently and that the common 
biotic and ])hysical onvironinimt is not a controlling factor, with the plain 
fact that regional faunjr <lo exist to-day. The conditions that control the 
dispersal of one race are largely identical or correlated with those that 
control the dispersal of others, and every change in those conditions will 
affect not one race only, but a large part or the 'whole of a famia, in a 
manner and to a degree largely identical, causing similar changes in the 
range of the fauna. 

I 

TKUTLVRY OOimnLATlON IX SOUTiT AMERICA 

Before setting forth the evidence as to the dispersal of the mammals, 
it is necessary to attack a problem whicli has caused much acrid contro¬ 
versy, namely, the age of the later formations of the Argentine Eepublic. 
The difference of opinion among authorities has already been indicated, 
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as also tlio fa(*t that the true correlation is so intimately rolateil to the 
ilireetion of mioralion lliat the two ])rol)lems must be scuttled togetluM-. 
In \icw of the ^reat and ^Yell merited reputation of Dr. Ameghiuo and 
tlic immense array of data wliicli he has marshalled in supjiort of his 
theories o£ correlation and phytogeny, it is not surprising that they should 
find a very considerable aceeptanee^ not in South America alone but else¬ 
where. Few scientists indeed are disposed to accept his derivation of the 
horse family from early South American ancestors or of the various 
families of Carnivora from the same source, for in those and other cases 
the evidence for northern ancestry is almost uiii\ersally accepted as con¬ 
vincing; but many writers are willing to aci*ept AmeghinoN determina¬ 
tion of ihe age of tlie Argentine formations, although more critical as to 
his phylogenetic views. 

The two, however, must stand or fall together; and it is jirecdselv be¬ 
cause the Bquidiv, rro(7onid8P, etc., if their generally aeccpteil phvlog- 
cnies be admitted, altord incontrovertible evidence against the validiiy 
of Amcghiiio’s c'orrelations of the formations of the Argentine, that ho 
has been compelled to devise diiferent phylogenies for these eases. Few 
scientists will be willing to believe Ameghino's assertion that Merifchippm 
and its succ*essors in the equine phylum liave notliing to do with the 
Anchithoriina} which they so closely resemble in teeth, in skull, in feet, 
in all details of the skeleton, l)ut must be dcrivcul from the South Amer¬ 
ican Notohippidae on the strength of a much more distant resemlilance in 
the second upper molar, unsupported by any near resemblance whatsoever 
in the remaining teeth or in any points of construction of skull or of 
skeleton. It is not my intention to present here any detailed refiitalion of 
Dr. Ameghino’s argument, but to point out that if the northern origin 
of the Eijuida} be accepted, the age of the Pampean and related forma¬ 
tions must be far later than that he has assigned to them. The first a])- 
liearaiice of true equities in South America is in the rani])ean. The 
three best-known genera arc JHiiinift, Hippidion and Onohippidion, The 
first might be regarded as of Palearetic origin; the second and third have 
no Old World predecessors, liut may be directly derived from the North 
xVmerican PUohippus, They are, however, much larger and more pro¬ 
gressive than Plioliippus, and in size, reduction of the lateral digits, etc., 
are equivalent to Equus, We can hardly doubt that they came to South 
America from North America, nor can I see any practical alternative to 
lielieving that Equus arrived by the same route. Now, the first appear¬ 
ance of Equus in North America is at the base of the Pleistocene. In 
Argentina, it first appears in the middle Pampean. The middle Pam- 
pean cannot therefore be older and is ])resumably younger than Lower 
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Pleistocene. Ilippidion and OnoMppidion are found (fide Rotli) in 
somewhat older levels; but as they arc much advanced over anjdliin^ in 
our Middle Pliocene (Blanco), it would bcem that their first oeeurrence 
in the Pampean must be placed at the top of the Pliocene or preferably 
in the lower Pleistocene. I conclude that the Pampean formation ap¬ 
proximately rej)rebents the Pleistocene epoch. 

Beneath the Pampean of Ameghino, but included in it by Roth, arc 
fosvsilifcrous ]mh in wdiich certain Procyonida? and TTrsidie arc found. 
If we admit the North American souri'o of these carnivora, they would 
indicate Pliocene age for the beds containing them. Dr. Ameghino, who 
regards them as Oligocene and Wiocene, is compelled, therefore, to set 
aside tlie Nortli Ameri(*an ancestors of the T^rocyonida' and to regard 
them as of South Ameri(un origin and tlie IJrsidoe as cither autoch¬ 
thonous or arriving in South America from the Old World via Africa. 
As with the P]quida', the only shadow of jdausibility for smdi ph^logenios 
lies in the incom])lot(‘n(\ss and careful limitation of the e\idcnco that is 
adduced in their lielialf. Plilaoci/on of the North American Miocene, 
which is intermediate betw^oen Gynodiefi^ and the Procyonidac in almost 
every detail of the perfectly iircsorvcd dentition, skull and skeleton is 
merely-'* ^'un vrai Cyanide sans relations a\ec les J’rocyonidfis/’ wdiile the 
South American genera are derived through liypothetical ancestors from 
the carnivorous marsupials of the Santa Cruz. Tlcro again. Dr. Ameghino 
is compelled, in defense of his theories of correlation, to adopt these im¬ 
possible phylogenios, because if the Procyonidie are of North American 
origin the Argentine formations arc demonstrably of later date than 
those which he assigns io them. Phlaocyon is a far more primitive 
procyonid than any of tlie South American genera. Leplnvcim of the 
Upper Miocene may be ilicir equivalent, but it is very imperfectly 
known.**” If these Argentine genera are derived from the Oligocene 
Cipiodicli^ un<I related genera of Kolarctiea, Phlaocyon being about half 
way bctwe(‘n th(‘ two groups, then their age is indicated as l^liocone, not 
as Oligocene or TMioccJie. Also with the Ursida^; to admit tliem as arriv- 

li’L. Amijuiiino : Ann. Mils. Nac, Buciio<i Aires, tom. xv, p. .300. 1000, Dr. von Ihcrlng 
has since attempted to jirove what Ametyhino merely asserted. Ills argiimont rests upon 
an untenable Interpreiallon of a single feature In the dentition, toorlut? all other char¬ 
acters of teeth, skull and skeleton, and, If true, would Involve not only that Ba^isariscus 
has nothing to do with the Procyonlda' (which he asbcrts), but also that the rrocyonldce 
have nothing to do with the carnivora hut are of wholly diverse ancestry. 

See II. V. IHBRiNG, Systcmatlk, Verbreltung und Geschlchte der sudamerlkanischen 
Ratlhthlere. Archlv f. Naturg., 70 Jahrg. I. Bd., s, 113-170. 1010. 

“The type of LeptatTtus is an upper premolar of doubtful aflanitles. Wortman re¬ 
ferred to It In 1894 a lower Jaw from the Upper Miocene, which Is unquestionably 
procyonid and hardly distinguishable from Procyon, Ameghino and von Ihering ignore 
this record. 
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\ng via North xVniorica would compel Amcghino to conclude that their 
first occurrence in South America in these same sub-Pampean beds must 
he materially later than the evolution of the phylum in the Pahearctic 
region (Miocene) and that the genub Ircloiheriuni of the true Pampean 
in South America, unknown in North America until the Pleistocene, 
indicates, like Equits, that the Pampean is a Pleistocene formation. 

The distribution of Smilodon in North and South America is in exact 
accord with that of jU'ctoiherium, The relations of the South American 
Proboscidea to those of North America correspond to those of the Bquidae. 
The Canielida}, Cervidae, Canidae, etc., also support the Pleistocene age 
of the true Pampean. The Edentata, whose migration appears to have 
been in the reverse direction, will be discussed later. 

In the Santa Cruz fauna, we have not the direct evidence that the 
Pampean faunse afford for correlation by means of groups of admittedly 
northern origin. The evidence has been very fully discussed by Hatcher, 
Ortmann, Scott and others, and so far as it is based upon the relations 
and age of associated marine formations, I am not competent to criticize 
it. The criterion used by Ameghino and Both, of proportions of extinct 
to living genera, I regard as untrustworthy, partly for the general reasons 
already given (p. 192) and partly because of the personal equation that 
must always affect the number of genera and species described as new, 
as compared with those referred to known genera and species. Unless 
the standards of diversity for genera and species were approximately the 
same, and in this instance they are certainly very wide apart,®® the com¬ 
parison of the proportions of extinct to surviving genera and species in 
Argentine formations with those of Europe or North America would be 
misleading. 

Perhaps the most important correlation is that of the Nolostj/lops 
fauna. Lower Cretaceous according to Ameghino, Upper Cretaceous ac¬ 
cording to Roth, Paleocene according to Gaudry, Upper Eocene in Schlos- 
ser s view. Here there is an apparently strong point for Cretaceous 
age in the presence of dinosaurs in association with the fossil mam¬ 
mals. Dinosaurs disappeared from the Northern world at the end of 
the Cretaceous.®’' They are entirely unknown in any Tertiary formation. 
Nevertheless, the possibility of their survival into the early Tertiary in 
South America must be considered.®® The mammalian fauna with which 

2® The Enropean fossil rodents are, for the most part, referred in accordance with the 
old conservative standards of genera and species, while Ameghino is much inclined to 
hairsplitting In generic and specific distinctions. Scott In his revision Is more conserva¬ 
tive, hut not so as to equalize the standards in question. 

®TThe latest dinosaur formations of North America are, however, regarded as Paleo¬ 
cene hy Knowiton, Lee, Peale and other authorities. 

“The same arguments apply to the occurrence of a Mesozoic type of Crocodile, 
"SutoitHPhufi, In the .Voto«ti/lops fauna. 
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ihoy are associated is in pari closely related to the Paleocene fauna of 
Europe and Noidli America and for this reason has been regarded as 
equivalent. But these genera of Northern affinities are associated with 
a large uiimber of larger and more ])rogressi\e genera, structurally de¬ 
rivable, according to the canons of evolutionary development universally 
accepted by paleontologists, from the more primitive types which are 
common to the yoiosfylop.^ beds and the Paleocene of the North, and 
leading apparently into the various specialized groups peculiar to the 
later South American Tertiaries. These more progressive types are un¬ 
known to any noidhern Tertiary fauna; they appear to be derived from 
the more primiti\o grou]) whose affinities are so close to the Puerco, 
Torrejon and Cernaysian mammals; and they point to the conclusion 
that the Noiosfj/lops fauna is in reality decidedly later than the Paleo- 
cene, the more primitive group of its fauna being little altered survivals, 
corresponding to the primitive survivals (Condylarthra, etc.) which are 
found in the Wasatch and Wind Biver faunae of North America. Taking 
the Noioatiflops fauna as a whole, it appears to me to represent an Eocene 
stage of development, conditioned by an isolation which began in the 
Paleocene and hence prevented the incoming of any Perissodactyla, 
Artiodactyla or Cami\ora from North America.®® This same isolation 
will satisfactorily account for a later survival of the dinosaurs, of Meso¬ 
zoic Ciucodilia and some other primitive elements, if they were in fact 
contemporary with the Nofo,9iylops fauna. 

The ago of the Pyroiherium beds is much less definitely determinable. 
Dr, Roth, indeed, doubts the existence of this fauna as distinct. If 
accepted, it would ])resumably be intermediate between the Notosiylops 
and Santa Cruz faunyp and provisionally referable to the Oligocene. 

T’ho stHinencr of the Argentine fannsc will then be 

rainpoan (s. s.) --Pleistocene 
Monte Ilermoso et(*. - Pliocene 
Santa Oiniz rr Miocene 

Pyrothcrium = ? Oligocene 

Notostylops r= Kocene. 

So far as the correlation of the Pampean and Santa Cruz is concerned, 
their fossils agree wholly in preservation and degree of petrifaction with 
those preserved in similar Pleistocene and late Miocene formations, re- 

» Little altereO, that is to say, so far as the parts known to us are concerned; their 
adaptation, whatever It was, not InvolTln#? radical changes in dentition from the primary 
type. 

*Schlosser (in ZitteVs Onindailge d. I^al., Itev. Hd. 1012) regards the Notosiylops 
fauna as Upper Rocene. Scott (History of Mammals of West. Hem.) places It ajs Eocene. 
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spectively, in the western Plains, and the degree of consolidation of the 
matrix is the same. We have in the West two fossilitcrons formations, 
the Bndgcr (Eocene) and Jolin Day (Oligoeenc), which are, like the 
Santa Cruz, composed of an andesitic \olcanic asli, and similar ash strata 
are found in different ]e\els of our Western Miocene fonnations. N’ow, 
the Santa Cruz matrix and fossils are ^ery much less consolidated or 
thoroughly petrified tlian the Bridget and decidedly less so than the 
John Day, while they agree very well with the volcanic ash beds in the 
middle and upper Miocene. As there is no reason to suppose that the 
rock-making processes work at a different rate in different conlmeuts, 
this evidence is entitled to some consideration. On similar grounds, the 
Pampean fossils would be referred to middle Pleistocene, and the few 
fossils that I have seen from Monte Hermoso agree best with Pliocene 
fossil mammals from Noidh America. I should place no weight on this 
kind of evidence except when, as in the present instance, the climatic 
conditions and the origin and method of deposition of the formations arc 
substantially similar. 

The foregoing digression is somewhat outside the limits of this dis¬ 
cussion. It appears, however, to be necessary to show briefly the reasons 
on which the age assigned to the South American mammalian fauiue are 
based. It might, indeed, be logically objected that these correlations 
are based on the northern origin and migration of certain phyla and 
cannot, therefore, be used in support of the theories here advocated. But 
the, phyla on which the demonstration rests are so universally admitted 
to have arisen in the north, and the evidence that they did so is so com¬ 
plete and conclusive, that ihore is no reasonable altcrnato to accepting 
them as such. And if so, the correlations of South Amerii'an fauna? 
must he approximately as here stated, a conclusion supported by the 
wholly independent e^idoTlco of the degree of consolidation of ihe forma¬ 
tion and of petrifaction of the fossils contained. 

Cn^^Tnl^S OF DlBPRRS.lL 

Wietlier the evolution of a race be regarded as conditioned wholly by 
the external environment or as partly or chiefly dependent upon (un¬ 
known) intrinsic factors, it is admitted by everyone that it did not 
appear and progress simultaneously and a quo pede over the whole sur¬ 
face of the earth, or even over the whole area of a great contiiient. The 
successive steps in the progress must appear fii*st in some comparatively 
limited region, and from that region the new forma must spread out, 
-displacing the old and driving them before them into more distant 
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regions, \\hiiio\er bo ili(‘ (iiuk's^ of c*\oliitioii, we inusi ovpeot theni to 
act willi ina\iiniiin Toro in some one region; ami so loiipf as ilio evolution 
IS i)rogr(‘ssm^j^ steadily in one direction, we slioiild expect them to con¬ 
tinue io act with inaximnni force in that region. This point then will 
be the (‘enter of dis]KM-sal of the race. At any gnen period, the most 
ad\anced and proi'ressno s])ecies of the race will he those inhabiting 
that region; tlie most primitne and nnpvogressive species will be those 
rcmot(‘ from this <‘ent(*r. The remoteness is, of course, not a matter of 
geographic distaiue but of inaccessibility to uuasion, conditioned by the 
liabital and faciliiies for migration and dispersal. 

If the ciiMronmeiilal conditions in the center of dispersal pass the 
])oint of maximum a(l\antage for the ra(‘C-type that is being developed 
and b(H‘omo unfaNorahh* to its ])rogress, we sliould find its highest types 
arranged in a (drcle around a ccmtral region, which was the former point 
of dispersal, and the more ])rimiti\e types arranged in (‘oiieentric ex¬ 
ternal (M*r(d(‘s. 11ie (‘ontral region will be unoccupied, or inhabited by 
s])eciali5!(‘d but not higlier a(la])tations. 

It would appear ol)\i()us that the present geographic distribution of a 
race must ho inter])rete<l in some such way as this by anyone who accepts 
th<» modern doctrine of (‘\olution. Yet there are many high authorities 
on geogra])hi(‘ distribution who proceed apparently upon a precisely op¬ 
posite theory. A(‘(*ording to tliesc authors, the distribution center of a 
ra(’e is detennined l)y the liabitat of its moat primitive species, and the 
highest and most specialized members of the race are most remote from 
its ('enter of dispersal. This princi|)le may bo true enough so far as 
eoiK'orns tin* first appearaiu'o of a given race, i. e., provided tlxe most 
primitix(‘ spevios an* also tlie oldest geologically; but it appears to me 
io be th(‘ direct re\orse of fac't as regards tlie present distribution, or the 
distribution at any one (‘pocii of the past, 'f^he only ground on which it 
could b(‘ dehmded would be that the progress of tlie race is due to its 
migration, and those* members which did not migrate did not progress. 
But this in\ol\(*K the view that its progressivenoss up to the time that 
its g(*ograplii('al euvironnmnt ehang(*d was due to staying at home, and 
the satne progress after its environment changed was due to not staying 
at home. It seems to me that the prevalence of this view must be due 
to some fallacious notions about migration, uneonseioxisly retained, ii\- 
vohing a eon(*ept of it as analogous to travel in the individual. The 
snecossful business man, no doubt, may pack up his baggage and take to 
tra\eling, leaving home and going elsewhere and jirofiting much thereby. 
N'ations liavo done tlie same thing, likewise to their advantage. But 
there is very little analogy here to the zobgeographic migration of ape- 
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(-ios—which is a question of e^ipaiision oi eontraetioii of nui^e, not di¬ 
rectly of traiislereiico of habitat, alllioTigh this may be the final vesnlt. 

It seems obvious that the conditions which bronght about the early 
progress]\eness of the race in a particular locality would, so far as they 
were external, cause the continued progresfei\onesR of those individuals 
whicli remained in that region; so far as they were intrinsic, they would 
aflect the main bulk of the race, the center of its range, more than any 
outlying parts of it. The present writer is very thoroughly convinced 
tliat the whole of e\olutionary progi‘ess may be interpreted as a vespouso 
to external stimuli; and intends here to point out what he regards as the 
most important of these stimuli. It is therefore necessary to point out 
ihat these postulates regarding centers of dispersal and migration are 
not dependent upon the theories to be proved—we are not reasoning in 
a circle. 

Oceanic and Continental Islands 

rVUNAL DTPFEUEVCES BETWEEN 0<’EAN1C AND CONTINENT VI. TSEVNDS 

One of the strongest arguments for the relative permanency of the 
deep oceans, especially during Cenozoic time, is afforded bv the Inarkcd 
and striking contrast between the fauna? of those large islands which are^ 
and those which are not, included within the continental shelf. The 
continental islands have the fauna of ihe continents to which they belong, 
large as well as small, differing only in the absence of typos of rocoiit 
evolution or of unsuitable adaptation and in the survival of primitric 
types which ha^c disappeared from the mainland. But no question could 
be raised as to their former union with the mainland, no olher possible 
solution would explain iheir fauna. We are (‘ompellod to assume Ihe 
former connection of the ‘British Isles with Europe, of CVylou with India, 
of Japan vrith Korea or Siberia, of Sumaira, Ja'va and Borneo with the 
Malayan mainland, of the Philippines with Borneo, of "NTew Guinea and 
Tasmania with Australia, of Newfoundland and Cape Breton with Lab¬ 
rador and Nova Scotia. In eacli and all of these eases, tlie evidence is 
overwhelming, and, with the exceptions cited, the faunal identity is 
complete. 

On the other hand, with all those islands which are separated by deep 
ocean from the mainland, we find that just that evidence is lacking which 
would afford convincing proof of former union with the mainland. Their 
faunae are widely different from those of the adjoining mainland; they 
lack just those animals which could not possibly have reached there 
except by land bridges; they point often to long periods of independent 
evolution and expansion, and the primary elements of the faunje of every 
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one of them are piich as might possibly at least have reached the island 
Avithout continental union, whether by accidental transportation, by 
swimming or by other means. 

Take for example the mammals of Sumatra, JaA’a and Borneo. 
cannot reasonably suppose that the rhinoceroses, tapirs, deer, A^'-ild dogs, 
felids and nninerous other large animals common to them and the ad¬ 
joining continents r(*a(*hod these islands except by land. They are too 
large for lran^])ortation on “rafts^^ of \egetation such as occasionally 
drift to sea from the mouths of tropical rivers. They are dry-land ani¬ 
mals not giAcn to swimming long distances. And we Avould not invoke 
the agency of man to account for a whole fauna. But most important 
is the fact that all the animals that we might fairly expect to find there 
in A ieAV of a foimcr land connection are really present. 

(^ontrasl Avith this the fauna of Madagascar.®^ There are no ungulate 
mammals there, exce])t for tlie bush-pig, possibly introduced by man (in 
accord with knoAAm customs of the Malays) and a pigmy hippopotamus 
(noAv extinct) Avhich might have reached the island by swimming, as 
hilipopotaini are known to travel considerable distances by sea from one 
riA’cr mouth to another. The great majority of the unguiculate groups 
of the mainland arc also absent. The only representatives are a few 
\ery peculiar carnivores of the family Viverridse, a peculiar group of 
insectivores (Oontetidaj) and a peculiar group of Cricetine rodents, each 
apparently evolA^ed on the island from a single type introduced long ago, 
a species of shrew (Crocidura) of more recent introduction and a variety 
of bats. There are numerous lemurs and no monkeys there; and the 
lemurs appear to have radiated out from a single group®- into a 
number of peculiar typos, two of which, noAv extinct, paralleled the 
ungulates and the higher apes in several significant features. The fauna 
of the island docs not resemble the present fauna of Africa, nor can it 
be derived from any one past faiAua, known or inferential, of that conti¬ 
nent. The attempt to derive it from the present or from any known or 
inferential past fauna of India inveh^es still greater difficulties. On the 
contrary, the Malagasy mammals point to a number of colonizations of 
the island by single species of animals at different times and by several 
methods. Of these colonizations, the Centetidse are the earliest, perhaps 
pre-Tertiary; Ihe lemurs, rodents and vivenines are derivable from one 
or more middle Tertiary colonizations; and in both caaevS the 

«A. n. WALMm, Life, pp. 381-412. 1881, See also Trouessart Catalogos 

Mammalium and Snppl. Qninq.; Lj’defeker, Geog. Hit. Mam., pp. 211-226. 1896. tiydek- 
ker's argiiinont«5 for conlinonlal tinUrn are mo<itIy Invalidated by more recent discoveries. 

«“See W. K. Gregory's studies niwn the alBnltles of the Lemuroidea, forthcoming In 
Amer. Mnn. Bulletin. 
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hypothesis may reasonably be invoked."-* The lii])i)opi)tami may have 
arrived by swimming and the bush-pig and the shrew jnay lia\e been 
introduced by man, while the bats may readily ha\e arrhed by flight. 
The extinct ground birds are easily derived from flying birds. 

Dr. Arldt,®^ in his discussion ol! the Malagasy fauna, poiutb out its 
composite character, derived from several succosshe invasions. Tliih, I 
think, is clear enough; but it seems equally clear that these were not 
faunal invasions due to land connection but sporadic colonizations by a 
few species all at different times. The characters of the mammalian 
fauna, both negative and positive, practically exclude the theory of land 
connections during the Tertiary. 

The West Indian islands afford another marked instance. In spite 
of its nearness to Florida, there are no North American mammals in 
Cuba, except the manatee,—^analogous with the hippopotamus in Mada¬ 
gascar. Nor are the other islands richer in fauna. As also in Mada¬ 
gascar, we have a peculiar and very primitive inseetivore Solenodon 
(Cuba and Hayti), a number of peculiar extinct ground-sloths, of which 
Megalocnus is the best known, and which although Pleistocene in age 
are derivable not from the Pliocene or Pleistocene ground-sloths of North 
or South America hut from the Miocene ground-sloths of Patagonia, 
and evidently differentiated through a long-continued period of isolated 
evolution, and a couple of chinchillas—^the hutias of the larger islands, 
the (extinct) Amhhjrhiza in Anguilla. The Role notion may bo referred 
to a more ancient colonization, the ground-sloths probably arriNcd during 
the Miocene, the chinchillas more recently; and the direetio]] of tlie 
prevalent ocean currontb points out the reason uhy those are of Soutli 
American derivation. Those who, like Dr. J. W. Spcnccr,“® l)clie\e in 
gigantic elevation mo\ements connecting the Antilles with the mainlaiul 
in Pliocene and Pleistocene would account for the absence of the conti¬ 
nental fauna by invoking a subsequent Hubsidenee which drowned out 
everything else. The improbabilities imohed in iliis hypothesis on strati¬ 
graphic and faunal grounds have been pointed out by W. 11. Dali, IJ. T. 
HilP® and others. 

®®Tho molsL tropical conditions of early Tertiary limcb would tavor the formation of 
suoU rafts, the <»mall size and arboreal habits of the animals oon(‘orn(*(l would increase 
the chances of their being caught on such rafts and the uniform ellniale and c*>nse- 
quently more placid seas would Increase the distance over which the I’oft might bo trans¬ 
ported before it broke up. 

“Theodore Aeldt: Entwlcklung der Kontlnente und Ihrer Lebewell, pp. 310-142. 
1007. 

»J. W. Spencer: “Eeconstructlon of the Antillean Conlinent” Bull. Geol, Soc. Amer., 
vol. vt, pp. lOS-140 1S1)5. 

“W- n. Dale: ^‘Geological Results of the Study of the Tertiary Fauna of Florida,” 
Trans. Wagn. Inst., vol. Ill, pt. vl. 100ft, 

R T. Hill : “Geological History of the Isthmus of Panama and Portions oi Costa 
Rlea,” Bull. Mus. Comp. ZoOl, vol. xxviii, pp. 151-285. 1808. 
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Cuba, while near in actual distance to the North American continent, 
has been comparatively inaccessible to sporadic colonization from that 
source, on account of the direction of the ocean currents; but coloniza¬ 
tions from South (or possibly Central) America have reached it. New 
Zealand is more remote and inaccessible, and, during the whole Mesozoic 
and Cenozoic eras, we have evidence of but two colonizations by land 
vertebrates, neither implying any necessary continental connection. The 
rock-lizard (Sphenodon) may, for aught we know to the contrary, be 
derived from a marine form; all its early Mesozoic relatives were aquatic, 
some apparently marine. The few other reptilia may be best accounted 
for by sporadic colonizations of later date. The moas are probably de¬ 
rivatives from flying birds. 

When we come to the smaller oceanic islands, their po\erty of fauna 
is still more conspicuous. If their fauna is due to sporadic colonization, 
this should be expected, as the chances are reduced directly in proportion 
to the smaller length of coastline on which an immigrant might land, as 
well as by their effective distance from the mainland. The colonization 
of a group of islands one from another may be due to former land con¬ 
nection and subsequent isolation, or to the same method of accidental 
transport, subject to the same laws of chance. 

It is quite possible that in certain instances the small size and unfa¬ 
vorable emiinnmcnt of islands formerly connected with the continent 
may account for non-survival of the continental fauna. The Falkland 
Islands are a case in point; but even here, we find the survivors closely 
allied to the continental fauna and including t'S'pes whicli affoi'd tlie con¬ 
clusive proof of continental connection which is uniformly lacking in 
oceanic islands.®^ 

The characlerisiics of (-oniinontal and oceanic island faunoe ha\e been 
very fully and ably elucidated by Wallace (Island Life), and it is in¬ 
tended here merely to assert thai the progressive increase of onr knowl¬ 
edge of the past life of the world tends only to emphasize the distinctions 
in the source of their faunm which he has so clearly demonstrated and, 
so far as my acquaintanc'e with the subject goes, to reduce still further 
the number of continental connections which he regarded as permissible. 

To the argument so often advanced that the transportation of a species 
across a wide stretch of sea and its survival and success in colonizing a 
new country in this way is an exceedingly improbable accident, it may 
be answered that, if we multiply the almost infinitesimal chance of this 

IntroductloDL of Canla antantioit$ by human agency In prehistoric times is, however, 
a possible explanation of Its ocrurreuco. It Is the only alternate lo a Pleistocene land 
conneoilon. 
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occurrence during Iho few centuries of scientific record by the almost 
infinite duration of geological epochs and periods, we obtain a finite and 
quite probable chance, which it is perfectly fair to invoke, where the 
evidence against land invasion is so strong. Furthermore, the fact that 
continents have not in general been peopled in this way one from another 
is well accounted for by the fact that species already existed there which 
filled the place ui the environment and by their competition prevented 
the new foim from obtaining a foothold, or greatly reduced the cliances 
thereof. In oceanic islands, however, the favorable environment existed 
without the animal to fill it. Very often, on account of this lack, some 
other type was eiolved to fidl its place; birds being widely distributed on 
account of their powers of fifight have in many oceanic islands developed 
large terrestrial adaptations to take the place of the absent or scanty 
mammals. 

XATUUAL RAPTS AND Tlili: PROBABILITIES OP OVER-SEA ATIQRATION 

THEREBY 

The following series of facts and assumptions may serve to give some 
idea of the degree of probability that attaches to the hypothesis of over¬ 
sea transportation to account for the population of oceanic islands. 

1) Natural rafts have been several times reported as seen over a hundred 
miles off the mouths of the great tropical rivers such as the Ganges, Amazon, 
Congo and Orinoco.®® For one such raft observed, a hundred have probably 
drifted out that far unseen or unrecorded before breaking up. 

2) The time of such observations covers about three centuries (I set aside 
the period of rare and occasional exploring voyages). The duration of Ceno- 
zoic time may be assumed at three million years (Walcott’s estimate). 

3) Living mammals have been occasionally obseiwed in such records of nat¬ 
ural rafts. Assume the chance of their occurrence (much greater than of their 
pre.sence being noticed) at one in a hundred. 

4) Three hundred miles drift would readily reach any of the larger oceanic 
islands except New Zealand. Assume as one in ten the probability that the 
raft drifted in such a direction as to reach dry lan<l within three hundred 
miles. 

5) In case such animals reached the island shores and the environment 
afforded them a favorable opening, the propagation of the race would require 
either two individuals of different sex or a gravid female. Assume the proba¬ 
bility of an.v of the passengers surviving the dangers of landing as one in 
three (by being drawn in at the mouth of some tidal river or protected inlet), 
of landing at a point where tlie environment was sufficiently favorable as 
one In ten, the chances of two individuals of different sexes being together 

A recent number of the Popular Science Monthly (Sept, 1911, vol. Ixxix, pp. 803-307) 
gives the recorded observations of the drift of a nature] raft of this sort, covering over 
a thousand miles of travel. 
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bo ussumed ns one in ten, the alternate of a gravid female as one in 
five. The chanoo of one of the two happening would be 1/10 +1/5 = 3/10. 
The chaiu'o of the species obtaining a foothold would then he 3/10 x 1/3 X 
1/10 = on<^ in a hundred. 

If then wo allow that ten such cases of natural rafts far out at sea have 
been reported, we may concede that 1000 have probably occurred in three 
centuries and 30,000,000 (luring the Cenozoic. Of these rafts, only 
3,000,000 will have had li\ino mammals®® upon them, of these only 30,000 
will ha\e readied land, and in only 300 of these cases will the species have 
established a foothold. This is quite sufBcieni to cover the dozen or two 
eases of Wammalia on the larger oceanic islands. 

Pew of these assnmjitions can be statistically verified. Yet I think 
that, on the whole, they do not overstate the probabilities in each case. 
They are intended only as a rough index of the degree of probability that 
attaches to the method, and to show that the populating of the oceanic 
islands through over-sea transportation, especially upon natural rafts, is 
not an explanation to be set aside as too unlikely for consideration. 

I have considered Ihe ease only in relation to small mammals. With 
reptiles and invertebrates, the probabilities in the case vary widely in 
different groups, but in almost every instance they would be consider¬ 
ably greater than with mammals. The chance of transportation and sur¬ 
vival would be lari?er and the geologic time limit in many instances much 
longer. Wind, birds, small floating drift and other methods of acci¬ 
dental transportation may have played a more important part with in¬ 
vertebrates, although they caimot be invoked to account for the distribu¬ 
tion of vertebrates. The much larger variety and wider distribution of 
infra-inamnialiaii life in oceanic islands is thus quite to be expected. And 
the extent and limits of such distribution are in obviously direct accord 
with the opportunities for over-sea transportation in different groups. 

On ihe other hand, the transportation of very large animals in this way 
may fairly be regarded as a physical impossibility, which could not b(‘ 
multiplied into a probability by any duration of time. The only methods 
of accounting for such animals would be by evolution in loco from small 
ancestors, by swimming, by introduction through the agency of man and 
by actual continental union. 

The first hypothesis would involve evolution in an isolated and more 
or loss altered environment and would result in wide structural differ¬ 
ences from any continental relatives. The second applies with greater 
probability to largo than to small animals, but, except for animals of 

® Small reptiles and Invertebrates wotild only rarely be observed. If prebent. 
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more or less aquatic bal>its and within certain limits of distance, it is an 
apparent ph^sic-al impossibility. The ihird may be either intentional or 
a(*ci(lental and should he considered in connection with the kiunvn custom 
among Malays and other races, (d‘ taming ^arious captured animals and 
taking tliem ahmg on s(‘a-\ 0 Aages. Its ai)pIication is, of course, limited 
to distributional anomalies of late Pleistocene or modem origin. The 
last hypothesis, where it traverses the doctrine of the permanence of ocean 
basins, appears to me unnecessary, as I have failed to hiul a sijigle in¬ 
stance of distribution Avhich cannot reasonably be otherwise explained. 

( OXsTDrnATTONs AFFECTIKG PUOBABILITIUS OF OVUli-SEA MIGBATIOJST IN 

SPECIAL CASES 

The ])rohal)ilitiGb of over-sea transportation to an oceanic island will 
obviously l)e much greater if the island is large, and correspondingly re¬ 
duced if it he of small siiie. The distance from the mainland will greatly 
reduce the chances of such rafts making a landing, for two reasons: first, 
the chances of snrvi\al of the animals are reduced proportionately to the 
length of their journey (or rather, in a varying relation, which for con¬ 
venience we may consider as a direct proportion); second, most rafts will 
bo carried out from one or more points along tlio coast, but not from all 
points equally (that is to say, from the mouths of one or more great 
rivers, whore the conditions are favorable, seldom from any of the small 
rivers). If we disregard prevalent winds and currents and consider the 
rafts as drifting out in all directions the probability of their landing on a 
gixeii island will be directly proportioned to its length opposite the main¬ 
land, inversely to the distaiice. The probabilities of survival of animals, 
so far as it depends on the raft holding together, wdll also ))e inversely as 
the luimher of days exposure to the sea, hence as the distance. (Jom])ar- 
iiig Saint TIeleiia, 1100 miles from Africa and 10 miles diameter, with 
Xfadagas(‘ar, 200 mdes from Africa and 1000 miles in length, we see that 
the prol)abilities of elfec'ting a colonization would be 100 X 3% X 
or 3025 times greater in the case of Madagascar. New Zealand, 800 miles 
long and 1200 miles frt>m the Australian coast, will receive 8/10 X l/C 
X 1/0. or 1/15 as many colonizations as Madagascar, but 80 X 11/12 
X 11/12 or 67 times as many as Saint Helena. 

I believe that it is to their small size ratlier than to mifavorable con¬ 
ditions for survival that the poverty of fauna, especially of higher verte¬ 
brates, in the smaller oceanic islands is due. 

The oceanic currents and prevalent winds do, of course, profoundly 
modify the above generalities in each individual instance. They have 
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proventud tlio populatiii^i> of Cuba from North America, while facilitating 
invasions from fcionlh and Central America. The present set of currents 
reduces the probability of mammals reaching Madagascar from the Afri¬ 
can mainland, while ini*roasing the chances of Oriental animals reaching 
it. It reduces niatoriallv the opportunities for Australian fauna to reach 
New Zealand. 

We have no adequate data on which to base theories as to the former 
set of oceanic currents. A worldwide uniformity of climate would prob¬ 
ably reduce the north and south movement of the waters; the cast and 
west element of their motions is conditioned by the rotation of the earth, 
and its velocity would bo reduced proportionately to the north and south 
movements; so that a more uniform climate would bring about a reduc¬ 
tion of velocity rather than change in direction. The third principal 
conditioning element is the conformation of tlie continents, and doubtless 
the flooding of great areas and the opening up of broad though shallow 
passageways Ix^twcen seas now separated would profoundly modify the 
surface currents in many regions. The opening of a broad passage be¬ 
tween North and South America would allow the Caribbean current to 
pa'^s into the Vacifie instead of being deflected northward and eastward 
along the slion^s ((f llie (hilf of Mexico to And an outlet between Cuba 
and Plorida. The absence of this initial part of the Gulf Stream would 
obviously be unfavorable to North or Central American animals reaching 
western Culja. The great equatorial current would sweep across from 
Africa along the northern coast of South America, and uninterruptedly 
into the Pacific; transportation from Africa to South America or from 
South or Central America to the Galapagos Islands would thus be facili¬ 
tated. 


Dispeksal op Mammalia 

MANKIND 

AVe may with advantage begin our review of the special evidence in 
support of our theory with tlie migration history of man. This is the 
most recent gi’i‘at migration; it has profoundly affected zoogeographic 
conditions; it is the one whei’e our data are most complete and accurate; 
we can perceive its causes and conditions most clearly, and we have a 
great deal of corroborative evidence in history and tradition. 

All authorities are to-day agreed in placing the center of dispersal of 
the human race in Asia. Its more exact location may be differently in- 
iorpreted, but tlie consensus of modem opinion would place it probably 
in or about the great plateau of central Asia. In this region, now barren 
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aiid sparsely inhabited, are the remains of civilizations perhaps more 
ancient than am of which we have record. Immediately around its bor¬ 
ders lie the regions of the earliest recorded ci^ ilizations,—of Clialdea, Asia 
Minor and Egypt to the westward, of India to the soutli, of China to the 
east. From this region came the successive invasions vhidi overflowed 
Euiojiu m prehistoric, classical and mcdiSD\al times, each tribe pressing 
on the borders of those beyond it and in its turn lieing pressed on from 



Fig. 6 . —Dispersal and distribution of the p\in(ipal uias «/ man 
No attempt is made to ladlcate anything bes'ond liie bioader linos of disp<‘rs.il 


behind. The whole history of India ih himilar,—ol .suweshiio iniasunis 
pouring down from the nortli. In tin* Clmiesc Empire, the* iinnhioiia 
come from the west. In North Amerioa, tlio courw of migration was 
from Alaska, spreadmg fan-wise to the south and southeast and continu¬ 
ing down along the flanks of the Cordilleras to the farthest extremity of 
South America. Owing to the facilities for southward migration af¬ 
forded by the great Cordilleran ranges, the moat remote parts of the New 
World are the forests of Brazil and of northeast South America. In the 
northern continent, Florida is the most distant from the source of mi¬ 
gration. 
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In Africa, tlic region north of the Sahara has been overrun b) succes¬ 
sively higher types from the east. Tlic great desert was a barrier to 
southward migration, being pierced only by the narrow strip of the Nile 
valley, from whoso head spread out the succcssiv e populations of central 
and southern Afru*n. The mam trend of migration followed the eastern 
highlandvs, the \alleys of tlie Niger and Congo being more remote. 

In the East IikIior, the succession of great islands to the southeast, 
perhaps more connected formerly than now, formed stepping stones of 
migration to the distant continent of xVustralia. 

The lowest and most primitive races of men arc to be found in Aus¬ 
tralasia, in the remoter districts of soutliern India and Ceylon, in the 
Andaman Islands, in southwest and west central Africa and, as far as the 
New World is concerned, in northern Brazil. These are the regions most 
remote, so far as practicable travel-routes are concerned, from Central 
Asia. A century ago, the present habitat of primitive races was taken to 
l)c approximately the primeval home of man. With our present under¬ 
standing of the conditions and causes of migration, a theory more in ac¬ 
cord with tradition and history is generally accepted, and the dispersal 
center of man is regarded as situated in central or southern Asia. The 
influence of the old opinion is perhaps seen in the tendency to place this 
region south of the great TTimalayau ridgo and in tropical or semi-trop¬ 
ical climate. 

This last assumption—that man is primarily adapted to a tropical cli¬ 
mate—is, I think, only partly true at best. Its general acceptance is 
perhaps due, among other reasons, to the supposed relation between loss 
of hair on the body and the wearing of clothes, the first being regarded as 
an earlier specialization in an environment of tropical forests, the second 
as a secondary adaptation resulting from migration to a cold climate. 
But hero, it seems to mo, we are putting the cart before the horse. We 
may more reasonably regard the loss of hair m the human species as a 
result of wearing clothes and conditioned by this habit, rather than attrib- 
uto it to any climatic condil ions. This view is supported by several points 
in which tlio loss of hair in man is difterentiated from the partial or com¬ 
plete loss of hair common in tropical animals, the following two being 
most clearly significant. 

1) It Is accompanied by an exceptional and progressive delicacy of skin, 
quite unsuited to travel in tropical forests. I do not know of any thin-halred 
or liairless tropical animal whose skin is not more or less thickened for pro¬ 
tection against chafing, the attacks of insects, etc. 

2) The loss is most complete on the back and abdomen. The arms and the 
legs and, in the male, the chest, retain hair much more persistently. This Is 
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jubt what would naturally happen if the loss of luih- were duo to luo wearinj; 
of clothes,—at first and for a Ions; time, a skin thrown over the slioiilclerb and 
tied around the ^\aist. Tint if the loss of hair were conditioned by climate it 
should, as it invariably does among animals, disappc^ar first on the under side 
of the body and the limbs and be retained longest on the back and shoulders. 

It will not be questioned that tlio higher races ol* man are adapted to 
a cool-temperate climate, and to an environment ratlicr ot open grassy 
plains than of dense moist forests. In such conditions they reach their 
highest physical, mental and social attainments. In the tropical and 
especially in the moist tropical environment, the physique is poor, the 
death rate is high, it is difficult to work \igorouslv or continuously, and 
especial and unusual precautions are necessary for protection from dis¬ 
eases and enemies against which no natural immunity exists and wlii('li 
are absent from the colder and drier environment. 

This lack of adaptation to tropical climate is also true, althoiigli to a 
less degree, of the lower races of man. Although from prolonged resi¬ 
dence in tropical climate they have acquired a partial immunity from the 
environment so unfavorable to the newcomer, yet it is by no means com¬ 
plete. The most thoroughly acclimatized race—the negro—roaches his 
highest physical development not in the great equatorial forests but in the 
drier and cooler highlands of eastern Africa; and when transported to 
the temperate United States, the West Coast negro yet finds the environ¬ 
ment a more favorable one than that to which his ancestors have been 
endeavoring for thousands of years to accustom themselves. In tropical 
South America, the Indians, as Bates long ago remarked, seem very im¬ 
perfectly acclimatized and suffer severely from the hot moist weather; 
much more than tlie negroes, whose adaptation to tropical climate has 
been a much longer one. 

In view of the data ol)taiiiable from historical record, from tradition, 
from the present geographical distribution of higher and lower races of 
men, from the physical and physiological adaptation of all and especially 
of the higher races, it seems fair to conclude that the center of dispersal 
of mankind in prehistoric times was central Asia north of the great Hima¬ 
layan ranges, and that when by progressive aridity that region became 
desert it was transferred to the regions bordering it to the east, south and 
west. We may further assume that the environment in which man pri¬ 
marily evolved was not a moist or tropical climate, but a temperate and 
more or less arid one, progressively cold and dry during the course of his 
evolution. In this region and under those conditions, the race first at¬ 
tained a dominance which enabled it to spread out in successive waves of 
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niigratioii to the most remote parts of the earth. The great mountain 
ranges to the south impeded migration in this direction, while to east and 
northeast, west and northwesi, migration was easy and rapid. Reaching 
the Ifew World by way of the Alaskan bridge, the long uninterrupted 
chaij) of the Cordillori^s facilitated migration along their flanks to the 
fariliest limits of South America. 

There is little evidence if any, in the New World, of any migrations of 
inferior races long preceding those of the Amerind tribes, which would 
seem to have branched off at a moderately high stage in the evolution of 
mankind. Per contra, we find in South Africa, in Australia, in penin¬ 
sular India and elsewhere, remnants of what must have been an early 
cycle of migrations. Each group of this early cycle, deri\ed primarily 
from a difforent part of the central region of dispersal, has specialized 
further in proportion to its isolation and Act retains a predominance of 
the common primiti\u characters representing the stage of development 
attained when it left the dispersal center. The populating of zVfrica by 
the negroes may bo regarded as the latest phase of this early cycle of dis¬ 
persal, or should perhaps be considered independently. 

The later development of the race is conditioned by its splitting in the 
region of dispersal into an eastern or Mongolian and a western or Cau¬ 
casian stock. This split was presumably conditioned by the cast-west 
elongation of the dispersal center caused by the facility of expansion in 
these directions and the mountain harriers to the south. All the east¬ 
ward migrations from this time on bear a distinctly Mongolian stamp. 
An early phase of tliis stage is represented l)y the population of the New 
World and the variously mixed Malayan peoples. A later phase appears 
in the more typical Mongolian races. All tlie westward migrations, on 
the other hand, are of ('‘ancasian affinities, tliis stock splitting, as the re¬ 
gion of favorable environment widened out westward, into northeastern 
or Nordic, souihwestern or Mediterranean gi’oups. The peoples of north¬ 
ern Europe are derived from the successive migration waves of the first, 
those of southern Europe and northeast Africa from the second; the in¬ 
termediate Alpine stock of central Europe is considered to represent a 
somewhat older migration allied to the Slavic peoples, who are to-day 
the principal population of eastern Europe, the latest cycle of Caucasian 
dispersal. 

I have gone into this brief recital of the migration and dispersal his¬ 
tory of mankind, not to present anything novel or authoritative, but be¬ 
cause we have more evidence, direct and indirect, and more insight into 
the conditions and causes which controlled its course, than with any other 
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race of mammals. I believe that these controlling causes have been sub¬ 
stantially the same in the lower animals as in man and their methods 
and routes of dispersal largely identical.^® 

PRIMATES 

We have seen that the dispersal center of man is in central Asia; that, 
in the present distribution, the survivors of the earliest cycle are found 



The marginal position of the modern lemux*s, the progressive disappearance of the order 
from the more central regions which it formerly Inhabited are clearly shown, 

in Africa, peninsular India, the East Indies and Australia; that the 
populating of the New World belongs to a later cycle of distribution, 
and we have no good evidence that the earlier cycle ever reached it; that 
the dominant migration in the Old World has been east and west, prog¬ 
ress to the south being hindered by the transverse mountain system to 
the south of which more primitive types long survived, while in the New 
World the dominant line of migration has been to the southward from 
Alaska, and eastward migration has been slower. 


One notes, too, the same fallacy in interpreting the data; some authofb are disposed 
to place the center of dispersal of European races or languages in western Europe or in 
northern Africa because they find there the most primitive surviving races or languages. 
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In the Primates wq have snr'^ivors of pre-hnman stages in the 

e\oliition of man, specialized to a varying extent in different directions 
from him, so that they lia^c not come into direct rivalry with him, and 
have hence survived. 

The laiest infra-hiiman cycle is roijresented by the anthropoid apes, 
surviving to-day in llic forests of West Africa and of the East Indies. 
We may suppose that tliesc are remnants of a cycle of dispersal from a 
central Asiatic source, but we haAe no sufRcient data to define its extent 
or time, exce])t as late Tertiary and probably limited to Arctogasa. 
Nearest to man in intelligence and habits, this cycle has been swept out 
of existence, cxc-ojit for the few members which were or became adapted. 


L/l/INd AND EXTINCT GROUPS OF PRIMATES 



Fig. b .—Phylogenetic rclutlom of the Ifnng and edtinvt gronyb of Pi mates 

Tho circles Indicate tho size and known geological range of the several groups, the 
dotted lines their most probable derivation. Their supposed relations to certain Insectlv- 
ora and Intermediate extinct groups are also Indicated. 

as our owi) ancostorh were not, to tropical forest life. The arboreal 
habitat luay be intoi-pretecl as a partial reversion. The doubiful and 
fragmentaiy renjaiius of anthropoid apes in the Pliocene of Europe and 
of nortiiem India are about all that the geological record has to state in 
regard to the fomer distribution of tiis cycle. 

The next lower cycle is tliat of the monkeys and baboons of the Old 
World, and as a very doubtful early phase, the New World monkeys. 
The Old World monkeys inhabit most of Africa, India and tbc East 
Indies. To the northeast they extend to southern Japan. Closely re¬ 
lated forms are found in the late Miocene of central and southern Eu- 
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rope, in the Pliocene of India, m the so-called Pliocene (which may be 
Miocene) of China. These may all be referred to a central Asiatic 
source. The dispersal of this cycle must date back at least to the be¬ 
ginning of the Oligoccne, for it had reached as far as Egypt at the date 
of the Paylim fauna as shown by Sclilosser^s recent discoveries.^^ With 
the New World monkeys, the evidence seems rather to point to inde¬ 
pendent evolution in South America from early Tertiary Primates of an 
Eocene cycle of dispersal. For no remains of Primates have been dis¬ 
covered in any Oligocene or later formation in the United States, while 
the later Tertiary formations of the Argentine have yielded remains of 
a number of Primates apparently intermediate between Eocene lemurs 
and South American monkeys. 

The oldest cycle of primate dispersal is that represented by the lemurs. 
These arc now most abundant in Madagascar; a few exist in west and 
central Africa, peninsular India and the East Indies. Lemuroid pri¬ 
mates, lacking certain specialized characters of modern lemurs but other¬ 
wise closely related, and equivalent in stage of development, are found 
abundantly in the Eocene of Europe and the United States. They are 
very doubtfully represented in the early Tertiary formations of the 
Argentine. We know too little of the Tertiary of other parts of the 
world to make any inference as to the extent of their distribution at 
that time, or the course of its subsequent changes. They disappear in 
Europe and North America at the end of the Eocene; in South America, 
they may have evolved into New World monkeys, while in the Old World 
they must have given rise to the higher primates. It is reasonably cer¬ 
tain that the theater of their evolution was not Europe, and although 
they are not known in the Oligoccne Eayiim fauna of Ei?ypt, wo may 
doubtfully huppo'^e that they had reached that continent at some time 
during the Eocene. Madagascar most probably received its lemurs from 
Africa, but it is reasonable to suppose that only a single type, allied to 
the Eocene Adapidte, reached the island, and in the favorable environ¬ 
ment radiated out into a number of diverse adaptaiioiis taking the place 
of various mammal groups not present in the island fauna. 

From the fact lhat the European and North American lemurs are in 
an equivalent stage of development, although not ^ery closely related, 
we may fairly infer that they were derived very early in the Tertiary 
from an intermediate center of dispersal, presumably Asia north of the 
Tlimalavas. 

^ Max Schlosseb : ‘‘Beltrage zur Kenntnisb der OIij?07linen Landskugethieren aus 
Parum Aegvpten,*’ Beit, znr Pal. u. Geol. Oest-Ung., B'd xxiv, s. 52 1012. 
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( VUNIVOTI V 

The moclorii land C'anii\oia are spread over all the great continents 
except Australia, whore a single species of wild dog, probably introduced 
by man, is their only representative. They are found equally in all the 
continental islands (i. c., those included within the continental shelf 
border), and a few ha\e reached Madagascar and other large oceanic 
islands. 



Frr, 0 .—Dnlnhution of the modern Cantdee 

The lackals and Oriental) are sllfihtly more primitive than Iho true wohes 

iin<l foves; Iho Nootropif.il “I )o£»-fo\os” moio disliiietly so, Cuon, hUcyon and Lycaon 
appiai lo 1)0 tlispoisMi louiiinnl-. of an abciiant gioup loimoilj nolar(*tic; the ancestry 
oi Iho moro (.vpioal («ini(l.o Is also louiicl In Ilolarctica 

Tlie onior lb uiK^UL'blioiiabK of Holui'ctic oris>iti. I’rimihxe t'aranora 
(Crcodonla) hit ubnntlaul iii all tlio oarlior 'I'ertiaiy fomiatious of Eu¬ 
rope aud North ;t\jiierica, one group (MuicKhe) ancestral to the higher 
Carnivora (Eissipedia), others which became extinct duiing the Oligo- 
cent‘. True flhsipode Carnivora firbt appear in the Upper Eocene in 
Europe aud North Anioiica and differentiate into llio diierse modern 
tyjies through the remainder of the Tertiary. They did not reach South 
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America until the Pljoceiie, tlicu* place l»eiii^4 siij)j)hed ii]) to that time 
by carnivorous inarsupials. In Australia, their place is still taken by 
('arnhorous marsupials. In Africa, primitive Carnivora (creodoiila) 
}i]>pear in the Oligoceme, represented only l)y the extinct family of hyieno- 
donts, all of them derivable from Eocene hysenodonts of the llolarctu* 
r(*^ion; but the contemporary Holarctic Pissipedia had not yet reached 
Africa. 

The modern land Carnivora are divided into seven families, each rep¬ 
resenting one or more broad phyla. The various divergent adaptations 
of the phyla and secondary re-adaptations of subpliyla have brought 
about an amount of convergence and parallelism which makes it difficult 
to disentangle or to state accurately the true genetic relationship in any 
temis of classification. Some of the phyla are Holarctic, others PahT- 
arctic or Hearctic. In all of tliem, we find the most primitive modern 
survivors in the tropical regions, the most advanced types in the Holarctic. 

Canidcp .—The Canida? are the most cosmopolitan family of the order. 
It is also the most progressive family in its adaptation to the open plains 
and arid climate of the great modern continents. The gradual adapta¬ 
tion of the race to these conditions from primitive arboreal forest-liv ing 
ancestors can be traced through successive stages in the Tertiary fonna- 
tions of Europe and Iforth America, but most completely in the latter 
(‘ountry. The lengthening of the limbs and their adaptation for swift 
running, the reduction of the long balancing tail to a short comparative!} 
unimportant organ, the perfection of the shearing and crushing teeth 
and, especially, the steady increase of brain capacity are the chief lines 
of progress. AYhile most of the surviving CanidsB conform pretty closely 
to a single type, vve find a tendency among their Tertiaiy ancestors to 
branch off on the one hand into more pi^edaccous, on the other into more 
omnivorous types. Most of these have disappeared, but in the Oriental 
Ethiopian and Hcotropical regions we find in the genera Cijon, Iciicyon 
and Lycaon survivors of a more predaceous group which is known from 
the Oligoceiie and Miocene of the Holarctic region. This group has 
disappeared from Holarctica by the end of the Tertiaiy; two or tlirec* 
representatives are found in the Pleistocene of South America. Among 
the more t}y)ical modem dogs, the wolves anci foxes are the most pro¬ 
gressive types, the jackals slightly less so, the African feimec retains 
most nearly the primitive long tail, the South African Olovyon, while 
anomalous in possessing an extra molar tooth, is likewise normally primi¬ 
tive in several characters and the Neotropical ^^dog-foxes^^ show a marked 
resemblance in many details to the late Tertiary Canida? of North Amer- 
i(-a. The fact that the Canidjc are preeminently adapted to open country 
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and more or less arid climate is of primary importance in explaining 
their present dominance and cosmopolitanism, their close association mth 
TviftTi, their absence from Madagascar and other oceanic islands; and it 
TTifllrfis it most probable that the introduction of the dingo to Australia 
was through human agency although undoubtedly as early as the late 
Pleistocene. In their adaptation and distribution this family of Car¬ 
nivora largely parallels the Equidae among Perissodactyla. 

II .—Distribution of the OasMce 



Neotropical 

Holarctic 

Ethiopian 

Oriental 

Australian 

Recent 

. . 

Cams 

Icticfjon 

Canis 

Canis 
Lycaon 
dtocyon 1 

Cams 

Cyan 

Canis 

i 

Pleistocene 

Canis 

Icticiion 1 

Dinocynops \ 

Cants 

Canis 

1 

Canis 

Cyan 

Canis 

Pliocene 

{l)Amphicyon 

Canis 

Dinocyon^eto, 

Cijon 

(Record in¬ 
adequate) 


(No record) 

Miocene 

None 

Taplmcfycm 
Arnphicyoninss 
Mlwrodon 
Oym^ etc. 

No record 

Amphicyon 

(No record) 

Oligocene 

None 

Cephalogale 
Q^odictis 
DaphmuSf etc. 
^^AmpMcyon^^ 

None" 

Amphicyon 

Cephalogale 

1 

(No record) 

Eocene 

None 

CynodictiSj etc. 

Oyuoid 

Miacida) 

(No record) 


^FayOm fauna, Egypt Altlioogli tliU locality is not to-day witliiu the Ethiopian 
province, its fossil mammals are generally regarded as representing the Ethiopian and 
not the Mediterranean fanna of the Oligocene. My own impression with regard to it is 
that it is transitional, as the Egyptian fauna is to-day, but dominantly Ethiopian Instead 
of dominantly Mediterranean. 
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Procyonidce .—The family Procyonidse inelxtdes a member of omnivor¬ 
ous specializations from the central phylum now represented by the 
Canidae. All of them are arboreal, partly retaining and partly reverting 
to the primitive mode of life in this respect. They are mainly Neotrop- 



Fig. 10 .—Diatrllution of the PtocyonulcB and Tiienida, formerly Nearctlo and 
PalcearcUc, hut now surihmg (hleffij in the peripheral regions 

The geograpbical position of Aelurus is anomalous ior a member of tbe Frocyonidm, to 
which family it is usually refen*ed. Its true affinities, however, are doubtful. 

real, but the raccoon, the most dog-hko of the family, stirvives as far 
north as the Sonoran region. The panda of the Himalayas is usually 
placed with Procyonidse, hut its true affinity is not very clear. 
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Table III.— Distribution of the Proojfonidas 



Neotropical 

Holaretic 


Sonoran 

Palearctic 

Recent 


Frocyon 

JBlurua 

(Affinities question¬ 
able) 

Pleistocene 

(Not recorded) 

Procyon 


Pliocene 

Amphmaauo 

Pavhynasua 

Ciimama 

Prohasaartscus 

PatailuTua 
(Affinities question¬ 
able) 

Miocene 

None 

Leptarctua 

Phlaocyon 


Oligocene 

None 



Eocene 

None 

Miacidse 



Mnslelidff .—Primarily the Musteliflse represent a more predaceous 
adaptation Ilian the Canida?. Their development through the Tertiary 
in the Holaretic region can be traced almost as completely as that of 
the dogs. Like the Canid® (though not as early), they perfected during 
the later Tertiary a dillerciitiatioii of the back teeth into shearing and 
crushing types, and they are equally progressive in brain development 
but much Icvss so in running powers, retaining to a great extent their 
primitive forest-living habitat. They arc to-day cliiefly holaretic, the 
most progressive typical luustelids being the martens, weasels, ferrets 
and wolverenes. Early in the Tertiary there appear divergent side 
branches, specialized descendants of which survive to-day in the badgers, 
skunks and otters of the northern world, the intermediate forms being 
now extinct or confined to India and Africa. 

Ursidee .—^The bears are regarded by many paleontologists as an off¬ 
shoot from the Canidse, but, on structural evidence, they appear to be 
related rather to the Mustelidse. Their distribution indicates derivation 
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from a Palsearctic source. The most primitive bears first appear in the 
Miocene of Europe; in the Kew World, they first appear in the Pleisto¬ 
cene. They are to-day chiefly Holaretic; the single South American 
species is distinctly primitive; the Oriental sun-bear and sloth-bear are 
partly aberrant, partly primitive. The Thibetan Jlluroiius is aberrant 
and specialized; its relation to the typical Ursidee is not very close. 

Viverrido !.—The Yiverrida are now almost exclusively Oriental and 
Ethiopian and have conserved the primitive type more than any other 



Fig. 11 .—Distribution of the XJrsidw, Pleistocene and Recent 

The group appears to have dispersed from a Palfflarcllc center, its Tertiary ancestral 
series being found in Europe and in the Pliocene of India and China. 


Carnivora, except some oC the Procyonida? which have a somewhat con*e- 
sponding geographic position in the New World. The three most pro- 
gessive genera, Herpedes, Oenetta and Viven'ot, survive to-day along the 
southern borders of the Palssarctic region; the remainder are Ethiopian 
or Oriental, the most primitive living genera being west African and 
East Indian. Ref'pesles and Viverra occur in the Oligocene and Mio¬ 
cene of Germany and Prance, and more primitive extinct genera in the 
Upper Eocene of Europe. 
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The priniitivo character of the viverrines is especially seen in their 
imperfect differentiation of shearing and ernshing back teeth, their 
rather short limbs, long bodies, long tails and relatively small brain 
capacity. 

Uymidw .—The family Ilya^nidje is generally regarded as a specialized 
offshoot from Ihe Viverridas and is apparently connected with the Euro¬ 
pean Miocene viverrids by a series of intermediate forms. The latest 
development of the race, the genus Eycena, inhabited Europe and Cen¬ 
tral Asia and China in the Pliocene and Pleistocene but is now found 
only in India, Africa and southwestern Asia. 

Felidcp ,—The Felidae are almost as cosmopolitan as the dogs and are 
even more uniform in type, the cheetah being the only marked living 
variant. A notably different specialization is shown in the extinct 
macha?rodonts or sabre-tooth tigers, and in the Tertiary sequence in 
Europe and America we find approximate genetic series, parallel in the 
two countries, by which the true eats and machasrodonts converge towards 
a common primitive type, in which the upper canines are moderately 
elongated. According to this phylogeny, the clouded tiger of Sumatra 
and Java is the most primitive living felid, while the double series in 
Europe on one hand and North America on the other, would indicate 
northern Asia as the center of dispersal of the race. The range of some 
of the modem species is very great. The puma extends in the New 
World from Alaska to Patagonia, the tiger in the Old World from Man¬ 
churia to Java. We may note, however, that the tiger is regarded by 
Blanford as a recent immigrant into southern India ; while, on the other 
hand, it is known that the northern range of the lion has been pro¬ 
gressively restricied during prehistoric and historic times from northern 
Europe to its present limits of southwestern Asia and Africa. 

PINNIPEDU 

When dealing with littoral and marine mammals we must expect to 
find the conditions of their evolution somewhat different. If the hypoth¬ 
esis be valid that the progressive refrigeration of the polar regions was 
the dominant cause of evohationaiy progress and geographic dispersal, 
an examination of the map will show that the Arctic-North Atlantic basin 
affords the most favorable region. The Arctic basin centers around the 
pole, and a broad shelf of shallow water encircles it, extending as far 
south as latitude 45®. The North Pacific basin was closed to the north¬ 
ward by the Alaskan land-bridge during a large part if not all of the 
Tertiary, and its shores plunge suddenly to great depths, margined by 
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high mountains, affording less opportunity for expansional evolution of 
the littoral fauna. The Antarctic continent appears equally unfavoi-able, 
and dispei‘sal from that center would also bo hindered by the broad 
stretches of ocean. 

We may expect, therefore, to find the littoral fauna of the North At¬ 
lantic most progressive, that of the North Pacific less so, the tropical 
faunae containing many relict types of discontinuous distribution, and 
the Antarctic fauna} partly composed of types from the north which had 
crossed the barrier of warm water when the climatic zones were less 
differentiated than they now are; partly of groups developed in the south. 
Whether these groups were closely allied on the different southern con¬ 
tinental shores would depend on their ability to cross the great barriers 
of deep ocean that separate them. 

']''he distribution of the pinnipeds accords with these principles. The 
most specialized family is the Phocidae, originating apparently in the 
Atlantic-Arctic basin, where Plioca, the most progressive genus, is found 
in the Nortli Atlantic and Arctic seas and has penetrated into the North 
Pacific as far as California and Japan. Southward in the Atlantic it is 
succeeded by the less progressive Monaclius in the Mediterranean and 
Antillean region. The Antarctic Phocidae are also primitive and archaic, 
related more or less nearly to Monaclius- In the Pliocene of Belgium 
are found extinct genera closely related to Plioca and others more primi¬ 
tive allied to Monaclius. 

The walruses, also Arctic and North Atlantic, have penetrated into 
the North Pacific only as far as Bering Sea; they are likewise recorded 
from the Pliocene of Noi*thern Europe and along the North Atlantic in 
the Pleistocene as far south as Virginia. 

The third family, the Otariidae, is decidedly more primitive in struc¬ 
ture, being less specialized for marine life. They are found in all the 
southern seas and on the North Pacific coasts. They are unknown to 
the North Atlantic and Arctic shores and have never been found fossil 
in either Europe or eastern North America. Desmatoplioca and Ponio- 
Uon of the Miocene of Oregon are perhaps ancestral types, but more 
evidence is necessaiy before its North Pacific origin can be regarded as 
satisfactorily indicated. 


INSEOTIVORA 

Among the Insectivora we deal with a number of very ancient races, 
whose relationship is much more distant than in many other mammalian 
orders. They are small, and most of the surviving members are scarce 
and little known, while they are still less known as fossils. So far as 
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we have any satisfactory evidence, the different races or most of them 
appear to have originated in the Holarctic region and spread to the 
southward. The most primitive division, the zalambdodonta, includes 
four families, the Centetidas of Madagascar, Chrysochloridae of South 
Africa, Potamogalidoo of West Africa and Solenodontidai of Cuba. Fossil 
zaiambdodonts are found in the late Miocene in South America, in the 
early Oligocene (and recently in the Basal Eocene) in ^Torth ’America. 
These indications are in conformity with the derivation of the group 



Fig. 12 .—DisirihuMon of Boricidw (right to left shading) and of Talpida (left to right 

shading) 

TIic loss specialized Sorlcidae are more widely dispersed, the highly specialized Talpidse 
limited to Holarctica. Ancestral types of both are found in the Tertiary of Europe and 
North America, hut the evidence as to their phylogeny Is very scanty. 

from very ancient Holarctic ancestors, the modem zaiambdodonts being 
the last surviving remnants of a dispersal from the north in early Ter¬ 
tiary or possibly pre-Tertiary times. But the evidence is too slight to 
be conclusive. 

The hedgehogs are more clearly of Palsearctic origin, the most primi¬ 
tive survivors being the East Indian Oymnura and Hylomys, while the 
most progressive genus, Erimeeus, is Palsearctic and is preceded in the 
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Oligocene and Miocene of Europe by more primitive ancestral forms. A 
relatively primitive genus, Proterix, occurs in the Oligocene of Soutib 
Dakota, as a contemporary v^'ith more progressive genera in the Oligocene 
of Europe. The family is otherwise unknown in the New World. 

The moles and shrews are also evidently of northern origin. Of the 
two families, the Soricidae are more primitive in structure and have 
spread more widely; the more specialized Talpidee are still limited to 
Holarctica, and in the extreme north their exclusion from the areas of 
permanently frozen subsoil has split their range into two disconnected 
areas. The most progressive and abundant shrews are ITolarctic, while 
the Oriental and African species (Crocidurinae) retain some primitive 
characters. Fossil moles and shrews in the middle Tertiary of Europe 
and America indicate that the divergence between the two families was 
not then so great as now. The modem genera are reported to occur 
(but on inadequate evidence) as early as the Miocene in Europe and 
America. Jaws of several minute talpoid genera are known from the 
Middle and Lower Eocene of North America. They are unknown in the 
extra-Holarctic Tertiary, but this negative evidence is of no weight in 
view of their minute size and rarity. 

The Tupaiidse of the East Indies and Macroscelididse of Africa occupy 
a somewhat anomalous position, since they are of higher type in brain 
development than other Insectivora and in many respects are nearer to 
the higher placental mammals.'** Their distribution so remote from the 
great northern dispersal center may perhaps best be accounted for by 
considering the fact that their specializations, adaptations and habits of 
life are of a less unusual kind than in most of the lower insectivores and 
would bring them more directly into rivalry with certain groups of 
rodents, with which they were unable to contend successfully and were 
compelled to retreat southward in consequence. No fossil remains cer¬ 
tainly referable to these families are known, although quite a number 
of early Tertiary genera of Europe and North America have been or 
might be provisionally referred to them.^^ 

There are a large number of primitive Insectivora in the Eocene of 
North America and a few in Europe, which do not seem to be nearly 
ancestral to any modern group but rather indicate that the order once 

anomaly In distribution Is now removed by the studies of Gregory and Blllott 
Smith, which show that the true relations of Tupala and presumably of Macroscelldes, 
are with the Primates, rather than with the Insectivora. Their geographic distribution 
is quite normal on this view of their affinities. 

^^Entomolestes of the Middle Eocene of North America is regarded by Dr. Gregory as 
probably related to Tupaia, and a number of other small mammals from the Bridger and 
Wasatch may be related to this group of Insectivora. 
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took a much more important place m the mammalian faunss of the world 
than it does now. '-bould be kept in mind in considering the rela¬ 

tions of the Ill^ect^^ora. 

GHIEOPTERA 

I am not sufficiently acquainted with modern Uhiroptera to venture 
an opinion as to whetlior or not their geographical distribution indicates 
their place of origin, but I should not expect to find much satisfactory 
evidence, as they are known to be of very ancient specialization and to 
have gi*eater facilities for wide distribution than terrestrial animals. 

Dr. Andersen,^® in his recent Catalogue of the Chiroptera in the 
British Museum, remarks: ^^The e^idence afforded by the geographical 
distribution of Bats has generally been considered of doubtful value; 
hence they have either been entirely excluded from the material worked 
out by zoogeograpliers, or at least treated with pronounced suspicion as 
likely to be more or less unreliable documents of evidence. This un¬ 
willingness or hesitation to place Bats on an equal zoogeographic footing 
with non-flying Mammalia would seem to be due partly to the precon¬ 
ceived idea that owing to their power of flight Bats must evidently have 
been able easily to spread across barriers which in ordinary circumstances 
are insuperable for wingless Mammalia; partly to the fact that hitherto 
very often whole series of distinct forms have been concealed under one 
technical name. . . [the author cites a series of instances of this 
kind which] ^^tend to show that the present distribution of the Mega- 
chiroptera has not been influenced to any great, and as a rule not to 
any appreciable extent by their power of flight; if it had the Fruit-bat 
fauna of islands could not so commonly as is actually the ease differ 
from that oC a neighoring group or continent, and the tendency to dif¬ 
ferentiation of insular species or forms would have been neutralized by 
the free intercourse between neighboring faunas.^^ 

The belief that bats are more easily able to cross ocean barriers than 
non-flying mammals is probably based, not on the preconceived idea that 
they could, but upon the plain fact that they have done so far more 
frequently. Birds and bats are found upon numerous oceanic islands 
where no non-flying mammals, and very few non-flying animals at all, 
exist. That they have wings and occasionally use them for so long a 
journey, whether voluntarily or involuniarily, is a natural explanation. 
I cannot see any other reasonable interpretation of the fact that they 
are present and &e terrestrial mammals absent in so many remote oceanic 

“ K. Akdbrsbn ; Catalogue of the Chiroptera In the British Museum, Vol. I, Megachi- 
roptera, p. tavl. 1912. 
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islands. With bats, as with most birds, the intervening ocean acts as a 
hindrance, but their wider distribution shows that it is less of a hindrance 
than with terrestrial mammals. 


nODENTIA 

The abundant and dominant order of Rodentia lends, in general, 
strong suppoit to the theories here advocated; but there are certain 
serious difBculties wdiich can be reconciled only by appealing to the im¬ 
perfection of the geological record. 

The rabbits and picas form a group apart, the former IsTearctic, the 
latter Palajarctic bince the Oligocenc, and both Holarctic since the 
Pleistocene, the rabbits having extended their range over most of the 
Oriental region and a largo part of the Ethiopian and Neotropical. A 
single specimen is recorded as from the Pleistocene of South America; 
their introduction to Australia is known to have been by civilized man. 

Of the remaining rodents, the myomorph families are evidently of 
Holarctic origin, as they first appear in Europe and North America in 
the Oligocene and the higliest and most progressive modem typos (e. g., 
Arvicolinae) are now Holarctic, while in the southern continents they 
are unknown until the Pleistocene and various primitive survivals are 
found still living in Oriental, Ethiopian and Neotropical regions. We 
may note, however, that the very abundant and typical group of Cricetinse 
has its most primitive Ihing representatives in tropical regions, that as 
we go south in South America, the genera approximate more toward the 
more specialized arvicoline type, in the same way that they do as we go 
northward in the northern continents.^*’ Since there is no doubt that 
the cricetines are of northern origin, appearing first in South x^merica 
in the Pliocene or Pleistocene, while they are common in the Holarctic 
regions from tlie Oligocene to the present day, we must suppose that the 
higher development of the Antarctic genera, to which Oldfield Thomas 
has called attention, is a case of parallelism with that of the Arctic 
genera and that the colder climate of the far south is the stimulus which 
reversed the usual conditions of geographical distribution. A review of 
the fauna of tlie Argentine as compared with that of tropical South 
America tends to show, I think, that this condition is general throughout, 
and that the fauna is more progressive and more nearly equivalent in 
development to those of the northern world than is that of the intervening 
tropical zone. This is equally true of autodithonie races and of those 
which axe demonstrably of northern origin. Compare distribution of the 
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genera of Procyonidic, Canid®, Cer\ul®, Tatuid® and Dasypodid® among 
mammals. 

Among the RcmrnmoTphs, the squincls are of early appearance (Oligo- 
cene) in the nortliern world but are now mo<!t abundant in the East 
Indies. The more specialized and later appearing marmots arc chiefly 
lEolardic. The highly specialized bea\crs and pocket-gophers are Hol- 
arctic and Hearctic respecti-vely, from their first appearance. A marked 
exception to the rule is seen in the suniial in the western Sonoran sub- 



l^io. of OeomifOKjlea, AnotnaUa idir and Pedetlda 

Tlie Gooinyoidea are of NearcHc origin, but Ibo more primitive Ileteromyld© Jbave 
spread Into port of Soulli America, Tlie Anomalurldm are tbought to be the nearest 
living rolativos of the early Tertiary Thoiidomyidje. The IVdetid,)? are an aberrant 
speciallzallou, derived perhaps irom the same group. 

region of Aplodoniia, the most primitive living scinromorph in several 
respects. I have no explanation to offer of this anomaly, save that we 
have not yet balanced properly the essential qualities of progressiveness 
among Eodentia. 

Among the hystricomorphs, we find serious difficulties in the distribu¬ 
tion. The most primitive living group is certainly the Anomaluridse 
of West Africa; but, like the Pedetid© of South Africa, they offer a 
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puzzling admixture of characters, which makes it doubtful whether they 
should be reckoned as pertaining to the same stock as the other hystrico- 
morphs. The remaining families, while chiefly South American, are 
also partly represented in the Ethiopian, Oriental and Holaretic regions. 
It may be possible, in view of the facts that the European Theridomyidae 
antedate geologically any specialized hystricomorphs, are apparently di¬ 
rectly inteimediate between the primitive rodent type {Paramys and its 
allies) and the hystricomorphs and show the early stages of difl'erentia- 
tion of several hystricomorph families, that the Hystricomorplia are a 



Fig. 14 ,—Distribution of the true porcupines (Kystricidw) and New World porcupines 

(Erethiaontldw) 

Tbe Hystrlcldse appear to be of Palsoarctic dispersal, tho Eretblzontidoe arc apparently 

of Neotropical origin. 

group of Holaretic origin which has spread into all the southern conti¬ 
nents and specialized independently on parallel lines. But their entire 
absence from the recorded North American Tertiary is then explainable 
only by the defective record, and our knowledge of North American Ter¬ 
tiary rodents is so extensive that I should hardly regard this assumption 
as justifiable. The fact that the highest and most specialized types are 
South American necessarily involves the idea that that continent has 
been the most important center of their later development and dispersal,. 
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and the alliance of the African to the South American genera and of 
the New and Old World porcupines must be regarded as more remote 
than it appears. Dispersal from South America by help of Antarctic 
or transatlantic land-bridges will not solve the problems of their distri¬ 
bution much better. The most specialized porcupines in most respects 
are the hystricids of the Old World—^lato Tertiar}^ in Europe, now chiefly 
Oriental and African. The Nearetic porcupines {Ereilhizon) are more 
advanced in several features than the Neotropical (Synetheres), Yet 
the ancestors of the New World porcupines at least occur in the late 
Tertiary of South America and are absent or unrecorded from the Ter¬ 
tiary of North America. The distribution of the Oetodontidae in Africa 
and South America would possibly admit of being interpreted by parallel 
development from theridomyid ancestors; but the parallelism must have 
been singularly close, and the absence or non-recognition of Therido- 
myidse from the North American Tortiaries appears surprising. I have 
been unable to frame any hypothesis which will fit all the facts of distri¬ 
bution in this group,^^ except by assuming that the South American 
Hystricomorpha, which as Scott has shown are all clearly derived from 
a single stock, reached South America from Africa in the Oligocene by 
over-sea raft transportation. This involves so long a voyage that I hesi¬ 
tate to accept it as a reasonable probability, even though the winds and 
currents would obviously favor transportation in this direction. 

The Hystricidae may fairly be assumed as of Old World origin, and 
probably Palsearctic, since they are represented in the later Tertiary of 
Europe and are unknown in the New World. The Erethizontidse must 
apparently be derived from South America, since they are unknown in 
the Old World, and unknown in the North American Tertiary, while 
Steiromys of the Patagonian Miocene appears to be ancestral. 

The primary type of the simplicidentate rodents, as I have elsewhere 
fihown,^® must be regarded as being represented by the Ischyromyidse of 
the American and European Eocene, in particular by Paramys and 8ckir 
ravus. All other rodents may bo derived from this gi*oup by divergent, 
parallel and in some respects convergent evolution. Modem rodents rep¬ 
resent a great number of independent derivations from this primary 
stock, tlieir association into sections and families being to a considerable 
extent artificial. 

*''The hypothesis of migration to or from South America across a land-bridge from 
Africa to Brazil is equally unsatisfactory as an attempt to explain the relations of the 
hystrlcomorph families and is entirely at variance with the evolution and distribution of 
other mammalian orders, besides being highly improbable on isostatic grounds. The 
supposed evidence in Us favor from lower vertebrates and Invertebrates is due, so far as 
I have been able to examine it, to a lack of appreciation of the principles of dispersal 
of races and of parallelism and of the Imperfection of the geological record. 

^ “Osteology and Relationship of Paramys and Affinities of the Ischyromylda,” BnlL 
Am. Mas. Nat. Hist, vol. xxvlli, p. 4S-T1. 1910. 
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There are no rodents in the Nofostylops Beds oX South America (Eo¬ 
cene) ; presumably therefore none in preceding epochs. There are none 
in the Paleocene of Europe and Noiiii America; presumably therefore 
their sudden appearance in tiie true Eocene of these regions was due to 
migration from some other region, equidistant from either, as their de¬ 
velopment is almost equivalent in the two,—^therefore probably Asia. 
The few Theridomyidse of the Oligocene of Africa are rather primitive 
forms, certainly not more progressive than their contemporary relatives 



Fig 15 .—DUtribution of the Ifeoiropual familioa of HvstncomotpJis 

The OctodontidB aie also found In Africa, and tlio TlieiidoiP^idce ot the earl> Tertiary 
of Europe aie apparently ancestral to these families of the llybtiicomorpha No hy¬ 
pothesis satisfactorily explains the accepted relationship and di«itiibution. 

in Europe, affording thus a slight indication that they ttere PaLuarctic 
immigrants. In Australia the evolution of Marsupial analogues of the 
more abundant rodent types of Arctogsea affords strong e\ideiicc that the 
true rodents were absent from Notogaea until the end of the Tertiary; a 
view confirmed by the limited amount of adapti\e radiation which the 
invading Muridse have undergone in that continent up to the present day. 

The Australian Muridse can only be accounted for by over-sea transpor¬ 
tation, for the family appeared and evolved during the middle and later 
Tertiary, and the peculiarities of the Australian fauna are explained by 
all writers as due to isolation extending through the Tertiary period. 
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Table IV .—Distnbution of the Rodents 



S. America 

N. America 

Asia 


Africa 

Australia 

Recent 

Muridac and 
Hystiico- 
morf>ha 
Lagomor- 
pha 

Myomor- 

pha 

Sciuromor- 

piia 

Lagomor- 

pba 

Eretiuzon 

Myoinor- 

pha 

Sciuromor- 

pha 

Lagomor- 

pha 

Hyatricid<e 

(One.) 


Myomor- 

pha 

Sciuromor- 

pha 

Hystrico- 

morpha 

Muridse 

Pleisto¬ 

cene 

Hystiico- 

inorpha 

and 

Muridce 

Lagomor- 

pha 

Myonior- 

pha 

Scmromor- 

pha 

Lagomor- 

pTia 

methizon 

Myomor- 

pha 

Sciuromor- 

pha 

Lagomor- 

plia 

IlybtricidfP 

Myomor- 

pha 

Scuiromor- 

pha 

Lagomor- 

pha 

Efybtricidup 


9 

Pliocene 

llystrico- 

morpha 

Scmromor- 

pha 

Myomor- 

pha 

Leporidcfi 

Myomor- 

pha 

Leporidse? 

Hyatricidse 

Myomor- 

pha 

Sciuromor- 

pha 

Ochotonidse 

Hystricidje 

? 


Miocene 

1 Ilybtrico- 
j morpha 

Sciuromoi- 

pha 

Myomor- 

pha 

Ijeporidse 

? 

Sciuromor- 

pha 

Myomor- 

pha 

Ochotonidse 



Oligoceuo 

Cephalo- 

myb^® 

Sciuromor- 

pha 

Myomor- 

pha 

Le^ridse 

Iscnyromy- 

id@0 

o 

Sciuromor- 

pha 

Myomor- 

pha 

Ochotonidse 

Thentlo- 

myidte 

/ Therido- 
i myidse 


Eocene 

None 

j I&chyro- 
niyidaj 

L 

? 

fThendo- 
1 inyidse 

1 Ischyro- 
L niyidse 

? 


Paleocene 


None 

? 

None 



Cretace¬ 

ous 

] 

None 

? 

None 

1 




" A hystricomorpli, recorded by Ameghino from the Pprothet lum beds. 
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prnssoDiCTiLi 

The ordei Peiisbodactyla is lepicseiitcd to day thiee widely sepa¬ 
rated families—^tlie ihmoceroses, Elhiopnn and Oriental, the tapus, 
Ncotiopieal and Oiicntal, and the hoises 4.siatic and Ethiopian The 
last gioup IS the most piogieswe and modernized but the whole order 
must be legaided as having seen it-, best da'jb and is passmg towards ex- 
tmction m competition with the bettei oigani/cil and more adaptable 



Pio 10-^Dtapenal and dtstniutzon of the Pet laaodaotyla 

The tapus aie on the whole the most piimitno and Ihtii puscnt distnbulion widely 
discontinuous The ihinoaroscs aie loss widelj dispused ind the hois b the most cen 
tral in then piescnt distiibuliou Mi neio inlnbitants ot T ilm> Holuctica but theli 
dibpeiaal centeib appeal to hivo been Paleiictic as indicated 

Aitiodactyla The geological lecoid afloids abundant evidence of the 
Holarctic oiigm of all the Penssodact^la The ancestry of each race can 
be traced back m the Tertiai} launae of Eiuope and the United States, 
m a series of approximately ancestral stages, sometimes closer m one re¬ 
gion, sometimes m the other, to a gioup of closely allied prumtive pens- 
Bodactyls m the early Eocene of both countries In South Amerrca, the 
order is unknown until the late Pliocene and Pleistocene In other re- 
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^lons A\c knuw too little oL ilu (n]> Tl]tldl^ faunau to saA ^\heii the 
pcii'-sod kIaK Inst i])])caic(l but tliu xic absent fiom the Oligocene 
tniun ol 1 iioin tin Pkistocciu ind modciu launae of A^ustralia 
md ol ill o(emit islinds This ictoids with tlio iiatuial mfcience from 
then sL/o ])i()[)<ntu)iis md habits that thc\ '^oulcl be stiicth limited by 
laiJtl (oniRttitn in tluii ^co^ii])hie dist]jbiition 

BcsitUs tlu sui\i\ni^ ^loups the eiih peii-^sodactjls ga\e use to se\- 
tial extiiK^" imiilies the lophiodonts piUothcie'^, titanotheies and chali- 



riG 17— Di'>'hxb\i'hon of hquida*, Imng (sohd hlacTc) an^ Pleistocene (shaded) 

1 nh leitun mcestois xic lound m ISeaictic and Palieaictic regions The Amencan 
St nos IS iiioi diiitt linn thxt of Luiopo until the late loitiaij This and othei con 
sildUions indie i1 the c ntti dlspcisil as in noitheastein Asii oi noithwestem 
\ )Uh \mnici 


cotheHs, none ol whieh aie kutma to hue imaded the bouthern conti- 
iionts 

Utjuida —ihe best kiiouu phylum oL the oidei that of the horses^ is 
ceitami) not a dueet ^eiietic suetession^ as ic^iidb known species, but 
appro\imatel\ s<> as Uu^iids the knot\u gcneia The successue genera 
aie proQussncU moie ^peciali/ed in ueoitlaiicc with then geological 
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sequence. They are identical or closely allied in the European and North 
American sequenc^e. In North America, the {series is more complete, the 
approximation to a direct genetic sequence is closer and the successive 
stages appear earlier in time. This is reasonably interpreted by suppos¬ 
ing that the center ol' dispersal was ijitermed iato betweeji Europe and the 
western United States but nearer to the latter. That is to say, it was 
either in boreal North America or in northeastern Asia. The al^sence of 




T E RTIA RY 


Larger Z-Toid 


PERIOD 


EOCENE EPOCH 


OLIGOCE N£ 


Largt /-TQed/forses 


QUATERNARY 


pleistocenb recent 


{E^TOpt aiid ^orth Amertc^J 
- 4 - ^{North America) j 
■d... America.) j 

^(jYortA America) 

_ L . - (Norik J^trtca) 


_ (North Americajt _ 

> - j- (Europe)^ j- 

^(Nortk Amertea.Ana andL 

_!_ (North America) _ 

_j._ (North America\l 

__ (North America)^, ^ 

_j_ {North America).^]^^ « ^ 

4. __ i^outh Am\riea)d:^ _ 


^ (South Am\rtca.)S^ 


j|l wtrica, Asia , Europe and North 
\ i\nd South America , Asia , Europe,and Africa) 


Fig. 18 .—(geologic range and phyJogenetic relations of fuss'd Eqnhhi 

The overlap In geologic range of the genera, and the sudden appearance of each new 
stage, Indicate that our record Is not derived from the center of (INpeisal of the race; 
although the American series is sufficiently direct to Indicate that It wn^ not very remote. 


primitive suiwivors of the race in the East Indies is natural; as the horses 
were very early adapted to open jilains, unfitted for mountain or forest 
habitat, the great transverse Himalayan chain would form an almost im¬ 
passable barrier and the heavily forested regions of the East IntUes would 
have no attractions to tempt the ancestral horses to pass around its east¬ 
ern end. 
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Tahij: V .—DiatrilntUon of tlie Egvidw 



Neotropical 

Nearctic 

Palearctic 

Oriental 

Ethiopian 

Recent 



n 

11011 


Pleistocene 

Eqms 
Inppidion 
Onohippi- 
{fhrij etc. 

Emus 
/ Hipparim 

Efpms 

Eqnus 

(India) 

Equvs 

Pliocene 

— 

Ilipparion 

PUohippus 

Protomppiis 

Mei'ychippm 

Parahippm 

Tlypoluppm 

Equust 

Hipparion 

Hypoliippm 

/Eqms 

(SiTOlik) 

Ilipparion 

! 

Iklioceiie 


"Ilipparion 
Pliohiitpus 
■ Proto/nppus 
Merychppfoe 
^ IJypohippus 

iMerycMppue 

1 -j Hypohippua 
( Parahippus 

Farahippus 

Hipparion 

Anchitherhm 

Anchithemim 

Ilppavion 

fL*rSiwalik> 

1 

Oligoceno 


Mlohippm 

Mesoluppus 



— 

Eocene 


Epihippus 

Orohlpimft 

Eohippm 

f AncMlophuis 
\ Lophioiherium 

Pachynolophus 

Hyracolhmum 
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Tapiridce ,—The tapirs are.the most primitive living perissodactyle, 
retaining the primitive number of digits in fore and hind feet and tlie 
primitive short-crowned grinding teeth. They are to-day limited to the 
East Indies and tropical America. In the Pleistocene, they inhabited 
the Sonoran region and continental India and the marginal parts of the 
Palsearctic region. Their Tertiary ancestry has been traced back in Eu¬ 
rope and in North America to the Oligocene Protapirus, which is pre¬ 
ceded by a less direct ancestral series in the Eocene of North America; 



Fio. 19 .—Distribution of tJie Tapirs Uving (solid black) and Pleistocene (shaded) 

Ancestral types are found in the Tertiary formations of Europe and North America. 
The relations of the two series and the Pleistocene and modern distribution indicate a 
dispersal center in eastern Asia. 

but ancestral tapirs have not been identified in the Eocene of Europe. 
The data are insufficient to determine the center of dispersal except as 
probably in the Palsearctic region. Tapirs are unknown in South Amer¬ 
ica until the Pampean (Pleistocene); they do not appear to have reached 
Africa at all. Tlie arid climate of the Afro-Asiatic connection and the 
heavily forested path of migration to the East Indies would seem to be 
the features that determined the dispersal of the horses, into Africa, the 
tapirs into .Malaysia. , 
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Table VI .—Distribution of the Tapiridw 



Neotropical 

Nearctic 

Palsearctic 

Oriental 

Eecent 

Tapirus s. s. 
Tapirella 

None 

None 

Tapirus 

{Rhinochoerus) 

Pleistocene 




Tapirus 

(RMnochoerue) 

Pliocene 

None 

HpB 

Tapirus (s. 1.) 


Miocene 

None 

^‘Ihpiravtts*^ 

' 

Tapirus (s. 1.) 
Paratapirus 

? 

Oligocene 

None 



^ ? 

Eocene 

None 

Isectolophus 

Hdaletesf^ 

Systemodon 

Lophiodontids^^ 

? 


GO True affinities of these genera require revision. 
Affinities betvreen tapirs and rhinoceroses. 



FiG, ^O.^DtstHtmUon "gf the Rhinoceroses, lining fsoM blaoh) and Pleistocene (shaded) 

Primitive rhinoceroses, are found In the Pfdmarctlc and Ncarctlc Tertlaries and late 
Ter^ry of-India end Africa. , Comparison of the Paliearcttc mad K^rctlc aeries indl- : 
cates that the center <>£ dispersal was in west-central or ,southwestern Asia. 
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Rhinocerolidce .—The rhinoceroses are intermediate between horses and 
tapirs in adaptation. The Tertiary history of the group is much the 
same, approximate series being found in Europe and North America as 
far back as the Oligoceiie or Eocene, but the phyla arc less direct and 
complete, and there is a greater diversity of type among them. The 
Pahearctie series ap])ear to be more direct, and this, in connection with 
the fact that the race never reached South America, may be taken to indi¬ 
cate that the center of dispersal was Palaearctie rather than Nearctic, less 
northerly than that of the horses, less easterly than that of the tapirs. 
At all events, the relations of the later Tertiary rhinoceroses indicate that 
North America was much more remote from the center of dispersal than 
Europe, while southwestern Asia was very close to it. 

Tablk VII. — DisU'ihutim of Rhmoccroscs 



Nearctic 

Paliearctic 

Oriental 

Etiiiopian 

liecent 

None 

None 

Rhinoceros 

Ceratorhinus 

Cadodonta 

Opaiceros 

Pleistocene 

None 

I 

Elasmotkerium 

Ccelodmta 

OpsiceroB 

CeratorhimiB 

Rhhioceivs 

Opaicen'OB 

Opsiceros 

Pliocene 

Teleoceras 

OpaiceroB 

CeratorhinuB 

Teleoceras 

Rhinoceros 

Teleoceras 

Aceratheriuim 

? 

Miocene 

2'eleocei'as 

Jjthelops 

DU'erathenum 

Teleoceras 

Aceratherhm 

Diceratherlum 

Rhinoceroses 

Rliinoceruses 

Oligocene 

Cifnopm 

Tngoniai^ 

MetamyiUMlori 

Ilyravoclon 

Ornopws®® 

Prohyracodtm 

Actralherinm^* 

Direrathei'hun 

71'leocn'as 

Cadurcoiherinm 

No PeripscKlac- 
tyhi 

Eocene 

Amtpwdvn 

Triphpiis 

Lophio 

dontidse” 

1 

i ' 

1 



Includes a number of subgenera recently defined by Abel. 

family may be regarded as ancestral to both rhinoceroses and tapirs, but the 
more exact derivation is doubtful. 

w Gaj fauna, upper Aqultanian auct. rilgrim. It should perhaps be regarded as Lower 
Miocene. 
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AI^TIODAC’TYLA 

The great and di’serNC order of artiodactyla can fairly be regarded as 
of Ilolarctic origin as a whole. Its distribution can most readily be con¬ 
sidered group by group. 

Pigs CDul Peccaries .—These two groups are characteristic of the Old 
and New World respectively. The pigs are now chiefly Ethiopian and 
Oriental, the peccaries Neotropical in distribution. The peccaries first 
reached South America in the Pleistocene and ranged throughout the 



Fig. 21 .—Dhtnhution of pigs and peccaries 

In Old World, brokon sUadini; iSw#. only; full shading, other genera. In New World,, 
full shading LItotiiles. The dlbix^rsal center of Dlcotylidffi was Nearctlc, of Suidin False- 
arctic. The living South American gentu is more primitive than the Pleistocene genera 
of North America, PUittiqoum and lipXohyuB (the Pleistocene North American species, 
referred to DlvotglC'i are all JUglolufuK), 


United States from the Oligoeone to as late as the Pleistocene. Pigs 
were common in the Oligoeone and later Tertiary in Europe and were 
present in India in the Miocene, probably earlier. The Tertiary ancestry 
of the pigs in Europe can be traced back to a common ancestral group 
in the Eocene, and the same is true of the peccaries in the western United 
States. 
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iAin A III— Dist) li ulion oj the Pufs and ]<(((uns 



Neotiopic il 

Ne uctic 

P il i irctic 

Ethiopian 

Oriental 

Recent 

Di((>ti/leb 


Su 

Potamoch i 

7 MS 

Phacocha 

71/s 

s 

j25a6oMssa 

Pleibtoeene 

lh( otyk 

^ Dicotyles 

Mylohyn^i 

Platygoniia 

&u 



Pliocene 

* Platyqonu^ 
^ 2*1 o^thi n 
Hops 

l^latygonm 

Sms 


Vms, Ifippohyvs 
Samdhenum 
Potamochcet ms 

Miocene 

None 

PiOBthm 

Dt 'imathyuH 

% 

LWnodon 

etc 

(No lecoid) 

^ listnodon 

1 ^ S'wi, ILppo 
hyu8 

1 Potamoclmms 
Ilyothenum 

1 Palwdmm 

Oligocene 

None 

Peiclicetm 

Pa2&ochcei 
Ilyothei Him 
etc 

None**’ 

l*nl loUii MS * 

1 

Eocene 

None 

*TrdoJiym 

etc 

ieho(h^)VB 

etc 

(Vo leoid) 


BuminanU —^TJndei this teini, i\c mn coinciiiciith iiKlndt all the 
selenodont aitiodachls—the camels and tia£>iiliiits deei intclopes sheep 
and cattle, besides vaiious extinct i?roiips 
They are admittedh ot Noitheiii In South Vuk iie i tlu\ do 

not appear until the end of the Tertur\ (Vinohaf/ulu'^ Monte Tln- 
moso), then repiesciitatues m the Olis^oeeiie ol Noitli Vliiia lu nineh 
more piimiti\e than the coiitenipoiary aitiodact^ls oL Em ope the high¬ 
est and most progic&bi\e t^pes aie found to-da} in Vsia and the most 
antique and pnmitne sui\i\als m the East Indies West Aiiie i and trop¬ 
ical America The several gioups indicate m then pie^-eiit distiibution, 
and m what is known of their past history, that then ecnteis ol dispeisal 

s-SeWossex lias sho\oi that Cenwhtns is a IImicoM m t in VitndiLf’^1 
fauna, resided by PllBiim as uppei Aqmtanun 



tllMilL I } OLUllO^ 


Z): 

\\eie in different paiN oi the junthcni world as we lia\e soon amoii.^ tin 
Peiissodact}! gioiips 

The camels appeal to ha\e been ol American oiigm Vn anctstial 
senes is tound in tlie Tertiaiy ot the westoiii United States gomg as lai 
l)aek IS the Uppei Eo(cnt " In the Old AAorld the\ flist appear in the 
Pliocene in South \nuiiea in the Pleistoeene (Panipeaii) ^ and the 



IiG 22 —[hi (liHfiC sal ittfe of the Can eluUi w is in Ao t7i imenca 

Lilt} leaclied th Old Woild m tlio Uioceut 'South Vmeiita in the Pleistocene The} 
suient on tho mauins it thrli iin^ but became extinct m Noith imeiica eaily m the 
1 Iclstoccno Noith Amtiiciu Iklstoune cimrls ui moic xdvanced than the ininj 
t}pcs of the maiginal anas 

camelb of the I^loibtoeent in N’oitli \meii( i weic about \s specialized on 
the whole as the luin^ llamas oL Soutli Vmciica oi the eamcls uf \fiici 
and Vsia In Noith Vuieiiei the lace is now extinct The ctntei ol 
dispel sal would appeal to liwe been in this continent—how tai to tho 
iioith we ha\e no means ol estimating but the exceptionil directnebs ol 
the phylogenetic seiits as lepiesented by our western fobsilb mdieates iii 
nn opmion, that these fossils Ined in oi close to the lacial dispeisal 
eentei 

»^Tt forms a simrulaih direct snd compi tc phylum so supeichained with mteinudiit 
and connectin,? foims that it is 'vei^ difficult tj classif} and aiian^t the fossils into 
species and genei i while (.lei} gndstion tf stiuctuidl evolution is abundantl\ illu^ 
trated 
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T\rTF IX— Di^tfibuUon of 17ic ( am< Is 



Neotropic il 

Nearctic 

Pal i n ctic 

1 tliiopi m 

Onentil 

Recent 

Uuhoiia 

^ont 

Gamelus 

None 

None 

IMeistocene 

■iuchoua 

rschatiu^i 

Gamelops 

Gamcluh 

CamcluB 
^ Pi ocam 
clus 

? 

Gnmehis 

TUiocene 

None 

Pltaudienia 

etc 

^ Pal ac am 
elus'^ 

(Noiecoicl) 

® Gamelus 






Miocene 

None 

Piocamchis 
Piotolahis 
M%olahi8 etc 

0 1 ydactylm 

None 


None 



Pi otometye 




Oligocene 

None 

etc 

Poeht othei ivm 
DotylopuH 

None 

None 

(No locoid) 

Eocene 

None 

^ P7otylopus 

None 

(No lecoici) 


The tiagiilme‘> icceiit and e\tmct, are a lictcioi^eiicons a'^Hnibb^c oL 
piimitive mniinant^ vho'-o ical aflimtics ha\e been much disputed In 
the picsent mitei s opinion the Inin^ Eist Indian clicMotains should 
he associated iMth llypuhaqiilus of the Noith \imncni Oli^occnc ind 
[Kihaps oL tlu South \niciKin Pliocene and the center 

of distiibntion ot this ^loup li’vpeitlutica]]) plaael aloncf tlie noitlieastcin 
coast legion ol Asia {cf tipiis) The Inin^ ^\^t(l cheMotiin {Ifya- 
and most ed the so (illeel ii igiilines ol tin Eluo|)ciu Oluocene 
ind TJppei Eocene aie to Ik icgaided as pnnntiM staw,es ol tiuc Pecoii 
Leptomeiyi, Fiolocejns and lleletomoufi aie ulated loims fiom the 
NToith imencan Oligocenc Among these piiinitne loims some {Lep- 
lomnxji) dlbpla^ affuiities to the dcei, otheis {Ptofocetas Ildoiomeiy^) 
to giiaffes and antelopes 

suaUnsiB of the iliK beds is doiDltully con^cneiic 'with the modem species 
and along with the so cilled 2*toramelis dtsciihed b\ Mme I ^^low fiom the Pleistocene 
of Russia appenis to be an inteimediite st*i^e between Piotatncltn and Camclus 

A doubtful f amtlid bnsed on i single iippti m>ln fiom the Pliocene (oi Miocene) 
of China 
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In the latei Oligocene of Europe and the Miocene of the United States 
appear moie definitely deer-liko types {Dremothenum Blastomeryx), 
and in the succeeding loimations we find progressively highei types of 
deer in Euiope and Noith America, hut always appealing eaiher m the 
Old Woild The deer—excepting the isolated piimitne sui\i\al lepre- 
scntetl b\ the ^Vater chei retain/' closely related to Doicatlieuum, a 
Miocene genus in Euiopo—^liaie not reached the Ethiopian legion, but 



— .— Rdi ^if'er iices Carpus cunddertsts unA allies 

Ot/itr Ce.r\ida€ prirtutivc types pi9stty in tropics 


1 iG 2^1 — ti\si\ ihution of Cet 1 i<f<r and pi 0 ten id Fiaq tli f<r 

Ihe highest and laUsl appcximg tjpes aic still confined to the eiicum 4.ictic itgions 
the teentii of the moic peiipheiil legions die moie pimutne Ihe earliest and most 
diiect ancobtial seiics is found m Huropo and Xsia the paiallel seiics m Noitli Ameiioi 
IS less diiect and moie letaided A piimitite sui\i\al is found m ISest Afxica pio 
tected b7 the deseit fiom competition of highei types 

weie easily able to reach North America m tlie Pleistocene I take it, 
therefore, that then center ol dispersal was well to the east and north m 
Asia (c/ hoises) Their migration into the Ethiopian region was checked 
after the Miocene by the progiessive audit} of the desert region between, 
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which served ab a barrier to those forest-living rumiiianth, although not 
to the plains-liviiig antelopes. 


Table X .—Distribution of Tragulidtv proper 



Neotropical 

Nearctic 

Palffiarctic 

Ethiopian 

Oriental 

Recent 

None 

None 

None 

None 

Tragulus 

Pleistocene 

1 None 

None 

None 

None 

Tragulus 

Pliocene 

??Microtrag- 

nlns 

None 

None 


Tragulus 

Miocene 

None 

None 

?Nonc 


None 

Ollgocene 

None 

IHypertm?- 

ulusj 

? None 

None 

None 

Eocene 

None 

[PrimitiTe Artiodactyla] 
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Table XT.— Dhtnbution of CeT'Vidce and Pr(hOet'vid Tragulmes 



1 

Xo()tro))ical 

Neurotic 

1 

Paliearctie 

Ethiopian 

Oriental 

Recent 

Odocoili U8 
Mas:>ama 

Cenms, 

Aloes 

Rangijcr 

Odocoileus 

Cl rvus, 
Alces 
Rangifcr, 
Duma 

Eycemos- 

chus 

(W. Afri¬ 
ca) " 

Oei'vus 
{Hcmu la to) 

Pleistocene 

\ 

Odocoileus 

Mazama 

Gervus, 

J Ices 
Pang if cr 
Odocoileus 

Co mis. 

Aloes 

Rangifei'i 

Damn 

UcgaccroH 


CJervus ( s. 1.) 

I'lioceiio 

None 

Cervus 

(s. 1.) 

C'ervus 
(s. 1.) etc. 

(No record) 

Cervus (a. 1.) 
MoscliUb 
Oorcatlie- 
rium 

Miocene 

None 

Dromo- 

mergx 

Blasto- 

meryo) 

Dorcathc- 

rium 

Dremotlic- 

rium 

(No record) 

Dorcathe- 
num *- 

Oligoceiie 

None 

Lepto- 

mcryjs^ 

etc. 

Prodremo- 

thcrium 

Gelocus 

etc. 

None j 

Prodremothe- 

rium 

UrloruH etc. 

Eocene 

None 

Primitive Artiodactyla 

No record 


The ajjtulopes, on the otlier hand, while also appearing fairly early in 
the Euroi)ean geologic record and abundant and well advanced in south¬ 
west and sontlaern Asia as early as that record is revealed to emr eyes, are 
imperfectly vej)resented in North America—^first appearing in the Plio¬ 
cene and not widely varied even to-day, w^hile they have not reached South 
America at alL They ai’e to-day most abundant and varied in Africa. 
Prom these facts, I infer that their center of dispersal was well to the 

“Family llyiDorlraaiilidn?, but Leg tome) tfjs is structurally ancestral to American 
CervldflB, 

*^ThIs group i'4 referretl generally to the Tragulld», but th* common cUaraeters are 
persistent primltire features, and I regard It as a little altered survivor of the ancestois 
of tbe Cervida*. Tragulidte as here limited are a distinct pbylum, primitive In many 
features but aberrant In others. 

“Family Tragulidm as usually referred, but affinities are with Mytemosthtth, not with 
Traguluft; the group may fairly be regarded as ancestral to the Cervitiv. while the 
tragullne group certainly is not. 
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0, other Antelopes (Antelopincs ^e.) Cettle (Bo'oinfB) 


Fig. 24 .—Distribution of the BovMce, existing (solid UackI) and extinct (shaded) 

The sheep and goats are regarded as the highest group; the muskoxen represent a 
speclallssed Arctic adaptation {cf, Eskimo among mankind). The cattle are a somewhat 
southerly type; their formerly wide northern distribution has been greatly restricted, 
and for the theory that they are of Oriental origin there does not appear to be any real 
evidence. The remaining Bovid subfamllt^, usually grouped under the term “antelopes,” 
are to a varying extent primitive and aberrant. The Holarctic groups are nearer to the 
sheep and goats and the more primitive groups are limited to the Ethiopian region and 
the East Indies. 
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west and south in Asia (c/. rhinoceroses). The sheep and goats are a 
comparatively recent development of the highest antelopes and must be 
assigned a center of dispersal somewhat more to the north. 

The cattle are of comparatively recent appearance in Europe, as also 
in America. Judging from their present distribution, one would say 
that their center of dispersal was in southeastern Asia, the southward 
slopes of the Himalayas. 



Fig. 25.— l)i 8 Uibutio 7 i of the Giraffes, eMeting (solid black) and cjctinct (shaded) 

On present evidence their dispersal center would appear to have been in south, central 
Asia. But the afiSnlties of the Tertiai-y Glraffidse to other contemporary imminants need 
careful and judicial reconsideration. 

The giraffes have approximately the same center of dispersal as the 
antelopes. This inference from their modern distribution conforms mth 
the geological record. They appear suddenly in the upper Miocene of 
Europe, but an ancestral series is found in India as far back as the upper 
Oligocene.®® 

« See G. B. Pilgrim : Bee. Geol. Snr. Ind., vol. :sliii, p. 301. 1913. 
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Tablp: XII .—DhstnhuUon oj Bovidw nnd AnttJocai»idw 



Neotropictil 

Nearctic 

Palicarctic 

Ethiopian 

Oriental 

1 

liecoiit 

Xoiic 

OlHS 

Orcamnna 

Bison 

Antdompra 

Sheep and 
Goats!! 
Cattle 
Antelopes 

(^allle 

Ante¬ 
lopes !! 

Cattle!! 
Antelopes! 

ridstocone 

Xono 

Bison 

[ntil 0 ‘ 

capra 

Sheep and 
Goats 

Cattle! 
Antelopes! 

Cattle 

^Vntelopes 

C^attle 

Antelojies 

riiooeue 

Xone 

[Mcrpco- 

dus\^^ 

Cattle 
Antelopes!! 


Cattle!! 
Ante¬ 
lopes !! 

Miocene 

None 

[Meryco- ' 

dusr 

Antelopes!! 
(late Mio¬ 
cene) 

ivi.uiu.^ 

Cattle!! 
Ante¬ 
lopes !! 

Oligocene 

Xone 

None 

[Ancestral 

Primitive 

None 

None 




Knminants] 




if(o(Um IS a distant rolativp, combinlua charnclers of Bovirljn and Pen'idip. 
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Table XIII. — Distribution of Qiraffidce 



Nearctic 

Palfearcfcic 

Ethiopian 

Oriental 

Recent 

None 

None 

Girajfa 

Ocapia 


Pleistocene 

None 

None 



Pliocene 

? None 

None (unless 
in China) 

(No record) 

8lvatherium 

Hydaspithe- 

rium 

Giraffa etc. 

Miocene 

?None 

Helladotheriiim 

Samothermra 

etc. 

(No record) 

f Qiraffa 
! Progiraffa 
etc. 

Oligocene 

[Iimd\iocerM 
and Proto- 
ccras “ 

1 

xincestral 

Primitive 

Ruminants 

None 

Progirajfa 
(? ancestral to 
the Giraf- 
fidce) 


«Remote and archaic collateral relatives, family Protoceratldie. It Is hy no means 
certain that Bromomcryw and other undescrlhed genera from the North American 
Miocene provisionally referred to the Cervidse and Brachyodont Bovldm are not related 
to the Giraffldffi; but on present evidence the dispersal center of the family appears to 
he India, and their range conilned to Pnlieogma. 
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Besides these surviving groups of ruminants, there are several groups 
which have not survived. The anthracotheres are one of the earliest of 
these specialized races; I have elsewhere®® detailed the data upon which 
may be predicated a North Asiatic center of dispersal for this group. 
The living hippopotami show a modicum of resemblances to this type, 
which may mean that they are derived from some early members of it. 
Their present habitat is Ethiopian; but in the Pliocene and Pleistocene 
their range was far to tlie northward—oven as far as England on one 



Pig. 26 —Diatiihution of tJie AniJitaiothacs and llippopotami 

The Anthracotheres were a laige and widely dispcised gioiip in the Oligocone and 
Miocene, especially In the Old World, but found also in the Oligocene of North America. 
The ELippopotaml appear to be specialized survivors fiom tho same slock; they are con¬ 
fined to the Old World and their range has been greatly lostricted since Pliocene and 
Pleistocene. 

hand and northern India on the other. While the present distribution 
of the large hippopotamus is Central Africa, smaller and more primitive 
precursors have been stranded on the one side in West Africa, on the 
other (now extinct) in Madagascar and also found refuge in the Mediter¬ 
ranean islands until the Pleistocene. (The aquatic habits of the hippo- 


» BnU. A. M. N. H., vol. SITI, pp. 1-7. 1909. 
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potamus have enabled it to reach these island retreats more easily than 
terrestrial competitors.) 

Tabu! XIV. —Distribution of AnthracotJieres and Sippotami 



Nearctic 

Palsearctic 

Ethiopian 

1 

Oriental 

1 

Malagasy 

Becoiit 

None 

None 

Hippopota¬ 

mus 

Ohosropats 

1 

None 

None 

Pleistocene 

None 

Hippopotor 

mu8 

Chonrop- 

sis*^ 

(Cyprus) 

HippopotOr 

mus 


Hippopota¬ 

mus 

(dwarf 

species) 

Pliocene 

None 

Hippopota¬ 

mus 

(No record) 

Hippopotamus 

Hoxaprotodon 

Meryoopota- 

m/ua 

(No record) 

Miocene 

Arretothe- 

rium 

Brachyo- 

4us 

Anthraco- 

theres 

Anthraoo- 

therium 

Hemimeryx 

Bivameryv 

eta 

Oligocene 

Anthraoo- 

therium 

Ancodus 

1 

Antlwaco- 

thorium 

Ancodus 

**Brachyo- 

dU8^^ 

Anoodua 

Mcrycopa 

Hyoloopa 

*^Brachyo- 

dua** 

Ant/iraco- 

therkm 

(No record) 

Eocene 

None 

Anoodua 

(No record) 


The remaining groups of ruminants are not of especial interest in this 
discussion. The entelodonts are Holarctic; the oreodonts Nearctic; 
anoplotheres and csenotheres Palsearctic; there is no evidence that they 
originated elsewhere or that they reached any other zoological region. 
Entelodon {sensu lato) appears simultaneously in Europe and the United 

^S. minutus Is (fide Bate) congeneric with the Liberian species The rules of pri¬ 
ority call for the application of Syopotamus Eaup to this genus, instead of ChcsropHB, 
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States in the beginning ot the Oligocene, without direct ancestry in either 
continent, and is regarded by Peterson®** as probably from an Asiatic 
source. 
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Fig 27 .—PhyXogeny and dtsMhution of fXie Artlodactyla 

Most of tlie families appear to have originated in the Nearctlc or Paljearctic region 
and spread thence outwardly to the more peripheral regions. The higher types are of 
more recent origin and are still dominant in the Holarctica. 

PROBOSOIDEA 

The later Tertiary and Quaternary history of the mastodons and ele¬ 
phants agrees with the various groups that we have been considering in 
indicating Asia as the center of distribution of the race. Elephants are 
now limited to the Ethiopian and Oriental regions, but in the Pleisto¬ 
cene their range was over the whole of Europe, Asia and North America, 
as well as Africa. The northern species, altliough of smaller size, are 
more progressive than the southern species in tlie specialization of the 
teeth, proportionate length of tusks, shortening of skull with concomitant 
elongation of trunk. The more primitive mastodons first appear in India 
in the Oligocene, in Europe in the lower Miocene, in North America in 
the middle Miocene. The intermediate stages leading to the mammoths 
and elephants are best shown in the Pliocene and Pleistocene of India; a 
less exact series may be found in North America. The mastodons reached 
South America in the Pleistocene; the mammoths and elephants never 
reached that continent. The earlier stages in the phylogeny of the Pro- 

«O. A. P23TIIRSON; Mem. Cam. Mus., vol. Iv, pp. 145-148. 1909. 
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boscidea have not, however, been found either in Europe or Iforth Amer¬ 
ica but have been recognized in the Oligocene of Egypt. From this fact, 
it has been generally concluded that the Proboscidea first evolved in the 
Ethiopian region. But it should be remembered that northern Egypt is 
not strictly within the Ethiopian region but belongs with all of northern 
Africa to the Mediterranean subregion of Holarctica. Owing to its prox¬ 
imity to the Ethiopian region, it contains Ethiopian elements in its mod¬ 
ern fauna and may have contained more in the past. But it is not clear 
that the Oligocene Proboscidea must be numbered among these. There 
is no evidence that their center of dispersal was not Asiatic in early as in 
later Tertiary;®® but it must have been too far to the south to admit of 
their reaching Europe or ITorth America, until after their spread into 
northeast Africa. We must therefore conclude, apparently, that the dis¬ 
persal center was transferred to the north and east during the course of 
the Tertiary—a quite exceptional feature, beside which the question of 
its original location, whether in southern Asia or in Africa, appears much 
less important. 

Table XV. —Distribution of the Proboscidea 



Neotropical 

Nearcfcic 

Palsearctic 

Ethiopian 

Oriental 

Recent 

None 

None 

None 

Loxodon 

Elephas 

Pleistocene 

Pliocene 

Dibelodon 

Elephas 

Mastodon 

Elephas 

Mastodon 

Elephas 
t Trilopho- 
don 


None 

Dibelodon 

Elephas 

Mastodon 

Tetror 

lophodon 

(No record) 

Stegodon 

Miocene 

None 

Trilopho- 

don 

Trilopho- 

don 

Dinothe- 

rium 

Din 0 the- 
rium 

Tetralophodon 

Trilophodon 

Dinotherium 

Oligocene 

None 

None 


PalcBomaa- 

todon 

Mcsrithe- 

rium 

Hemimasto- 

don 

Dinotherium 
t M<0ritherium 

Eocene 

None 

None 

None 

Mcerithe- 

rium 

(No record) 


^Certainly the Proboscidea of the Oligocene Ga} fauna of India are far more ad¬ 
vanced than the Egyptian Fajdm genera, if Pilgrim’s correlation of the Gaj beds is cor¬ 
rect This, by our methods of Interpretation, would indicate that India was much 
nearer than Egypt to the dispersal center. 
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SIEElSriA 

The most primitive sircnians are foimd in the late Eocene of Egypt 
As these were apparently contemporary with more progressive types in 
the Middle and Upper Eocene and Oligoccne of Europe, they indicate, if 
anything, that the Mediterranean shores held a less progressive fauna 
than the Forth Atlantic. The Oligocene and Miocene types arc approxi¬ 
mately ancestral to both the modern groups, manatees and dugongs. Ap¬ 
parently the manatees became characteristic of the North Atlantic, the 
dugongs of the Indian Ocean shores. The progressive cold of the later 
Tertiary and Pleistocene has driven the manatees out of the Arctic and 
northerly Atlantic shores and their northern limit is now Florida on the 
western, and the African coast on the eastern side. They have not been 
found fossil north of 40® N. lat. on the American coast,*^® for the excel¬ 
lent reason that there are practically no Tertiary littoral deposits north 
of that latitude. 

The occurrence of Mmatus in West Africa and in the West Indian and 
South American coasts is among the arguments used in support of a 
transatlantic bridge; but there is no evidence at aU that the ancestors of 
Manatus did not inhabit the whole of the North Atlantic and Arctic 
basin during the Tertiary. It is certain that they did inhabit parts of 
the intervening European and American littoral, and the negative evi¬ 
dence elsewhere is obviously worthless, because there are no formations 
known in which they might be found. 

CONDYLABTHRA AND SPECIALIZED SUCCESSORS 

We may here consider the distribution of a number of extinct groups 
of Tertiary ungulates or semi-ungulates, whose rise and culmination took 
place at an earlier epoch and under different conditions from those which 
we have discussed. The Condylarlhra are an extremely primitive group 
of hoofed mammals, fulfilling nearly the theoretical requirements for the 
common ancestral type of all placental ungulates. The earliest known 
artiodactyls and perissodactyls are, however, too much specialized to be 
immediately derived from the known Condylarthra. Condylarths first 
appear in the Paleocene of North America and Europe and in South 
America in the Notostylops fauna, here regarded as Eocene. In North 
America, they develop through the Taligrada into the Amblypoda, culmi- 

«>Por dlstrlMtlon of manatees during Tertiary vide Hay, BlbL Foss. Vert N. A., U. S. 
Q, 8. Bull. 179, p. 583>4, 1902; of Old World Sirenians, Abel, 1904. Abb. Oeol. Belcb- 
saust, xlx Bd., s. 214; 1906, Nbues labrb. Bd. 11, s. 60-60; 1912, Palseontograpblca, 
Uz Bd., s. 292. 
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nating in the highly specialized Dinocerata. In South America, they 
apparently develop during the Tertiary in absence of Artiodactyla and 
Perissodactyla into a great \ariety of hoofed mammals, the Toxodontia 
and Typotheria, Litopterna, Astrapotheria, Pyrotheria. The Arsinoi- 
theria of the Oligocene of Africa, perhaps also the Hyracoidea and Probo- 
scidea, may also be regarded as evolved from primitive Condylarthra, in 
absence of the higher ungulates of the Asiatic center of dispersal. We 
have therefore direct or inferential evidence that at the beginning of the 
Eocene the Condylarthra inhabited the Palsearctie, Ifearctic, neotropical 
and Ethiopian regions. There is no reason to suppose that they were 



Fig. 28 .—HelatloMhip of the Condylarthra to the Notomgulate and Svibungulate groupe 

of hoofed mammals 

In indicating the distribution, Egypt, Syria etc. bave been included with Ethiopia, as 
the essential facts In this case could thus best be represented. “Bunotheria*’ are the 
common ancestral stock (hypothetical) of the Creodonta-Camivora-CondylarthrarAmbly- 
poda group. 


absent from Oriental region, but they evidently did not reach Aus¬ 
tralia or Madagascar. 

The worldwide dispersal of the condylarths at the opening of the Ter¬ 
tiary (partly hypothetical and ezclnsive of Australasia and Madagascar) 
may be regarded as due to the epoch of elevation and disturbance which 
closed the Cretaceous. The subsequent development of peculiar andi 
highly specialized ungulates during the Eocene in the several great con¬ 
tinents is attributable partly to the isolation of these continents during 
that period due to submergence of the low lying connecting legionB, 
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partly to the prevalence of more uniform climatic conditions all over 
the world and the consequent lack of environmental pressure tending to 
force a change in habitat. Towards the end of the Eocene began a 
period of progressively intensified elevation and disturbance, with re¬ 
frigeration of climate beginning at the poles; this culminated in the 
Glacial epoch. The northern fauna successively invaded the txopicai 
and southern continents and swept before it nearly all their autochthonic 
faunae. 

In Africa, we see this invasion in progress in the Oligocene; the 
anthracotheres, forerunners of the great ruminant invasion have already 
appeared; to these may yet have to be added Palceomastodon as a fore¬ 
runner of proboscidean invaders (although on the present record the 
Proboscidea may appear an autochthonic group); while the hyracoids, 
with Mceritheriumj ArsinoitJierium, Barytherium and some less known 
types are apparently autochthonic since Paleocene. Unfortunately, our 
view stops here; we know little of the progress of this invasion until the 
late Pliocene, when these invaders had themselves disappeared before a 
succession of later invasions or become modified into new types. 

In South America, the isolation lasted much longer, and owing to the 
great southward extension of the continent, a highly progressive inde¬ 
pendent center of dispersal was set up in Argentina. Whatever criti¬ 
cisms may be made of the phyletic theories of Dr. Ameghino, so far as 
they affect the evolution of the mammalian races of the northern world, 
I think that there can be no question that he has brought out a remark¬ 
ably complete series of phyla in the autochthonic races of South America. 
The closeness of these series, and the large amount of progressive evolu¬ 
tion which they involve, on lines analogous to those of the northern 
mammals, are fair indices that the controlling forces wore similar and 
that the southern end of the continent was the chief center of dispersal. 
The various types of structure winch were developed in northern mam¬ 
mals during the Tertiary, in adaptation to the progressive change of 
environment, are almost all paralleled, occasionally exceeded in degree 
by these southern races; but they are very generally seen in different 
combinations, as Professor Gaudry has so clearly shown.^^ 

Had the Condylarthra reached Australia, we should expect to find 
there a group of placental ungulate orders peculiar to the region, like 
those of Tertiary South America^ persisting to the present day. But we 
find, instead, that the marsupials evolved into the herbivorous fauna. 
In Madagascar the lemurs may be regarded as filling the place which 


« Albert Gaudrt: Aimales de Paldont, t HI, pp. 41-60. 1908. 
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primitive ungulates would have taken, if they had reached the island; 
but the case is not so clear. 


EDEITTATA 

The edentate orders afiord among the unguiculates a broad parallel in 
their distribution and history to the Condylarthra and their successors 
among the ungulates. Their extmction has been somewhat less complete; 
a few highly specialized survivors remain in the Ifeotropical, Ethiopian 
and Oriental regions. 



Fio 20 .—DistriJmHon of the Edentate orders 

The New World edentates or Xenarthra may have originated In CretaceoTos North 
America, but their Tertiary dispersal centers were South American, apparently in or 
near to Patagonia. The dispeisal centers ot the Pholidota and Tubulldentata would 
appear to have been Palsearctic, but very little is known of their fossil record. 

The super-order Edentata is an artificial assetablage induding the 
three surviving orders Xenarthra, Pholidota and Tubulidenta and the 
extinct order Tseniodonta (=Qanodonta)- The Tseniodonta of the Eo¬ 
cene of North America may perhaps be regarded in a broad way as rep¬ 
resenting the primary type of the Xenarthra, but even this is doubtfnL 
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They are far more primitive and nearer to the generalized eutherian 
type; but they show certain unique Xenarthran peculiarities in foot- 
construction and in the pelvis, and the dentition in the two known phyla 
progressively eiohcs on lines leading towards, although not into, the 


PHYLOCENY OF THE EDENTATES 


ARMADILLOS ANTEATERS TREE-SLOTHS 



Fig. 30 .—Distribution cmd pfbylogeny of Xenwrilwa and Tcsniodonta 

The aberrant Korth American groups appear to be relicts indicating a northern origin of 
the Xenarthra, but the evidence is not conclusive. 
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Specialized edentate types. The Taeniodonta range from Paleocene to 
Upper Eocene in Norili America and are doubtfully recorded in the 
early Eocene of Europe. They may be hypothetically regarded as a 
Cretaceous-Eocene ancestral group in the northern world, from whose 
early members budded oil the ancestral Xenarthra in the Nearctic, pos¬ 
sibly also the Pholidota and Tubulidentata in the Paleearctic, the whole 
group being driven southward at the beginning of the Tertiary, except 
for a few lingering remnants, rare and little known. Of these lingerers, 
we may instance in the (Bridger) mid-Eocene of Wyoming Metacheir- 
omys, whose affinities are distinctly armadilloid and an unnamed but 
more primitive genus in the Lower Eocene of Wyoming approximately 
ancestral to it; franconica of the Oligocene of Germany, shown 

by Schlosser to be related to the Aardvark, Palcpomanis and Orycteropus 
of the Miocene of Samos, and more doubtfully Palceorycteropus and 
Necrodasypus (in part) of the Oligocene of Prance. 

Whether tlie rare ground-sloth remains from the (?) Middle Miocene^^ 
and Lower Pliocene of the western United States are to be regarded as 
surviving Northern edentates or as immigrants from the south is not 
certain, but the latter explanation is more probable. 

The Old World edentate groups, although still surviving in Ethiopia 
(Manis, Orycteropus) and the East Indies {Mmis)^ are not known to 
have imdorgone any considerable expansion during the isolation-period 
of the early Tertiary.^® The Xenarthra, on the other hand, are first 
represented in the early Tertiary of South America by armadilloid forms 
and they blossomed out in the isolated continental conditions that pre¬ 
vailed during the Tertiary in that continent into a wide range and 
diversity of typo, just as the Conclylarthra appear to have done under 
the same conditions there and the marsupials in Australia. Of the five 
principal groups—^troc-sloths, gi’ound-sloths, anteaters, armadillos and 
glyptodonts—only the second, fourth and fifth are known as fossils, and 
only the first, third and fourth have survived. The fossil groups reached 
their maximum of size and specialization in the Pleistocene, and rein- 
vaded North America in the Pliocene and Pleistocene (possibly earlier, 

^ There I 9 some question as to the true horizon of the ground-sloth daw found by 
Sinclair in the Mascall formation (Middle Miocene) of Oregon. The specimen may have 
washed down from the overlying Rattlesnake Beds, Lower Pliocene [oral communication 
from J. C. Merrlam]. 

^But this may be due only to the imperfection of the geologic record. We know 
nothing of the early Tertiary faunie of the Ethiopian and Oriental regions, save for the 
Oligocene of Egypt. The Eocene faun© of South Africa, India and the Bast Indies may 
have Included a considerable expansion of pholidate or tubnlidentate mammals, corre¬ 
sponding to the xenarthral expansion of the New World, but earlier extinguished because 
of the earlier Invasion of those regions from the north. 
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vide supra)f but only the armadillos have maintained any foothold in 
the northern world until modern times and these only in the southwest 
comer of the Sonoran region. The anteaters and tree-sloths might be 
expected to have originated in Patagonia and to have been driven north¬ 
ward to tropical South America in accord with the theory of climate and 
evolution here advocated. The geological record, however, has failed to 
show any certain evidence of this, and, as the Patagonian record is a com¬ 
paratively full one, this fact should be counted as evidence that climatic 
change is not the only causal factor of evolution. We must suppose, if 
the record be adequate, that these groups originated and evolved in tropi¬ 
cal South America. The armadillos are an extremely persistent group, 
and the record gives no really convincing evidence of a Patagonian dis¬ 
persal center, although it might be so interpreted. 

Glyptodonts and ground-sloths appear in the Pliocene and Pleistocene 
of North America. The Pleistocene genera except Megalonyx are closely 
allied to the genera of the Pampean formation, in part identical there¬ 
with {Brackyostracon, ? Glyptodon^ Ghlamydotlierium, Megatherium^ 
Megalonyx, Nothroiherium, Mylodon). These, or allied genera equiva¬ 
lent in specialization, inhabited South America from Ecuador to Pata¬ 
gonia in the late Pliocene and Pleistocene. The only genera found in the 
Pliocene of North America are Megalonyx and Olyptotherium, decidedly 
more primitive and are best interpreted as earlier forerunners of the main 
invasion which appeared at the beginning of the Pleistocene. Mylodon 
has been recorded from the Blanco beds of Texas, but this is an error. 

MAUSUPIALTA 

Marsupials are at present almost limited to the Australian and Austro- 
malayan region, where, in the absence of placental mammals, they have 
diversified into a wide variety of size, habits and adaptation, paralleling 
the adaptive radiation of the higher mammals in the northern continents. 
A single unspecialized group, the opossums, representing quite nearly the 
primitive type from which all marsupials are derivable, survives in the 
Neotropical region, one or two of its species ranging northward into the 
Sonoran subregion of Holarctiea. Another primitive survivor in the Neo¬ 
tropical region is the rare little Ocenolestes, formerly regarded as a primi¬ 
tive member of the diprotodont marsupials, but now considered to be of 
polyprotodont affinities, its diprotodont resemblances being due to paral- 
leUsm. 

What we know of the paleontology of the order is in complete accord 
with the theory of their being primarily of northern origin, their dispersal 
preceding that of the early placentals. 
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Tlie fragmentary and little known mammals from the Mesozoic for¬ 
mations of Europe and North America were in large part marsupials, so 
far as we can judge from what is known of them. 

The most disthictive group among them were Multituberculata or 
AUotlieria. Gidley^^ has recently (1909) brought forward strong evi¬ 
dence for the view that these animals were an archaic, early specialized 
branch of the marsupials paralleling the later diprotodontsJ® They 
occur (doubtfully) in the Ehsetic of Germany, certainly in the Upper 



Fig. 31 .—DMributfon of Ilaraupials 

This is probably lo bo regarded as due to a very ancient dispersal frota the north, fob 
lowed by differentiation and dispersal during the Tertiary of specialized adaptations 
parallel In the Neotropical (Borhyienlds and Ccenolestids) and Australian regions (Thy- 
lacIne-Dasyiiros and Dlprotodonta). The Phalangers of the Austromalayan islands are 
regarded as marginal types from an Australian dispersal center. 

«J. W. OiDLBY: Proc. TJ. S. Nat. Mus., vol. xxxvi, pp. 611-626. 1909. 

Hecent discoveries, made since these lines were written, indicate that the relationship 
was not as close as had appeared. Dr. Broom has even maintained that these animals 
were nearer to monotremes than to marsupials, but in my Judgment he has failed to 
adduce any really valid evidence for this view. But while they are in the Metatherian 
stage of evolution I do not think they can be Included in the order Marsuplalia on the 
data now available. See forthcoming article by Walter Granger in Bnlletln Am. Mus. 
Nat Hist 
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Jurassic and Lower Cretaceous of England {Plagimlax^^) and Wy¬ 
oming (Gtenacodon). They again appear in the uppermost Cretaceous 
and Paleocene of North America (Lance formation of Wyoming, Eort 
Union of Montana, Puerco and Torrejon of New Mexico) and Europe 
(Cernaysian) in the genera Plilodus, Neoplagiaulax^ Poigmaslodon and 
Meniscoessvs, They are questionably recorded in the Eocene Nolostylops 
beds of Patagonia, in the genera Propohjmastodon, Polydolops etc. (which 
more probably belong to the same group as OcenoUstes). They are not 
known elsewhere except for part of a jaw from the middle Cretaceous 
(Belly Eiver) of Canada and a jaw (Karroomys) from the Jurassic 
(Karroo beds) of South Africa. The front half of a skull long ago found 
in the Karroo beds and described as Tritylodon is probably to be referred 
to this group, although its mammalian nature has been questioned.'^’^ 

In addition to the Multituberculata, there are in the Jurassic and basal 
Cretaceous of England and Wyoming a number of mammals with simpler 
and more numerous teeth whose affinities are very uncertain. Whether 
they are ancestral to marsupials, to placentals, to both or to neither is, 
in the writer^s opinion, an unsettled question. Its definite solution must 
probably await the discovery of more complete material. 

In the uppermost Cretaceous (Lance formation) of Wyoming are found 
in addition to teeth and jaw fragments of Multituberculata, a variety of 
tritubercular teeth, some associated with fragments of the jaw. These 
appear to be more definitely referable to the polyprotodont marsupials; 
some of them may be quite near to the opossum. I have seen no evi¬ 
dence among them of placental mammals, although most of them are too 
fragmentary to exclude the possibility of the presence of Eutheria. 

The Paleocene fauna of New Mexico, Montana and Prance contains 
numerous placentals and a few Multituberculata, l)ut no polyprotodont or 
true diprodont marsupials have yet been positively recognized in it. It is 
evidently not derived (except for certain of the Multituberculata) from 
the fauna of the Lance formation. Yet it is almost, perhaps quite, con¬ 
temporaneous with it and must be supposed to reprosonl a distinct facies 
of the fauna, differing in habitat from that of the Lance formation (the 
Fort Union is partly intermediate). Polyprotodont marsupials certainly 
persisted in North America and Europe, for we find the remains of 
species nearly related to the existing opossums in the Lower and Middle 

'^Bolodon is a synonym of Plagtaulaj, fldo Oidloy 

’T Broom has recently made a careful re<?tudy of the afflnitieb of Tritylodon^ and con¬ 
cludes that It Is a mammal, but not closely related to the marsupials, and represents an 
archaic specialization with many primitive characters Inherited from the cynodont 
reptiles. R. Beoom : Trans. S. Af. Phil. Soc., vol. xvi, pp. 78-77. 1906. Proc, Zo5L 
Soc. London, 1010, pp. 760-768. 1010 Bull. Am. Mus. Nat. Hist, vol. xsxiil, pp. 115- 
134. 1914. 
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Eocene of Wyoming, in the Oligocene of Colorado and in the Upper 
Eocene to lower Miocene of France and Germany. They are not known 
from any later formation in any of the northern continents. 

In the Southern continents, they assumed a much more important 
position. In South America, in the absence of placental carnivora, the 
polyprotodont maraupials developed into a number of large and small 
predaceous mammals (Borhysenidje), so closely paralleling some of the 
predaceous marsupials of Australia that they have been referred to the 
same family (Thylacinidje). Pscudo-diprotodont marsupials were also 
fairly common, taking the place in the fauna held by Insectivora in the 
North, this group of placentals (except for a single type) not having 
reached South America. The marsupials of South America did not de¬ 
velop into groups taking the place of northern ungulates, rodents or 
primates, since primitive placentals of these groups (Condylarthra, 
? Hystricomorpha, ? Lemuroidea) had penetrated into South America 
before it was separated from the Northern world, and there developed 
along lines sub-parallel to the development of the higher placental groups 
in the North, but distinct and less progressive. 

In Australia, the marsupials assumed a still more important position, 
as the only mammals of that continent. The placental mammals of the 
northern Tertiary did not reach Australia, except for a few strays—^bats 
and mice and the dingo—^which were too few in numbers and of too re¬ 
cent introduction to affect seriously the course of mammalian evolution 
on that continent. In the absence of placentals, the marsupials developed 
into a wide variety in size, form and habits of life, partially paralleling 
the higher mammals. 

The near resemblance between the modem Australian Thylacinus and 
the Borhyfenidic of Tertiary South America has been used as an argu¬ 
ment for an Antarctic connection between the two. Such a hypothesis 
will not bear close examination. The resemblance is not closer than 
between parallel adaptations in distinct families of true Carnivora, whose 
genealogy has been more or less completely traced back through inde¬ 
pendent linos of descent from unspecialized common ancestors. It is 
not closer, for instance, than that between the Oligocene Felidse and 
the modem Cryptoprocia of Madagascar, whose common descent from 
an unspecialized placental carnivore (Yiverrid or Miacid), analogous to 
the marsupial didelphyids, is generally admitted. The common char¬ 
acters distinguishing thylacinids and borhyssnids from the didelphyids 
are, without exception, such as would naturally be assumed independently 
in adaptation to predaceous terrestrial life and have been so assumed in 
numerous independent parallel adaptations of the same sort among 
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placental Carm'\oia. On the other hand, Thylacinus has retained cer¬ 
tain didelphyid characters which are already lost by the most primitive 
of the Borhyssnidje (palatal vacuities, posterior position o£ the orbits,^® 
an external lachrymal duct, double perforation of the basisphenoid), 
while m other feahires (biam de\elopinGnt, cunsorial specialization, etc.) 
it is nioie progressi\e. The Borhyaenidtr arc more progressive in the 
reduction of the last molar, in the dilterentiation of oiiamol fioin dentine, 
less so in the cursorial adaptation of the limbs and feet 

Descent from a common ancestral type is undoubtedly shown, but some 
at least of the above differences point back to Didelphyida? as this common 
type. The characters wliicli Sinclair uses to separate the thylacines are 
the reduced number of incisors, tlie carnassial specialization of the molars 
and especially the loss of the metacomd. Kicry one of Ihcsc fcatiiies, 
besides numerous other common ehai*aeters which ho docs not specify, 
may be pai^alleled in two or more distinct lines of Carnivora whose com¬ 
mon ancestors are not more predacoonsly specnalized than DuleIpJnfs. 
The loss of tlie metaconid occurs in Oyon, Isclnjrocyon, Simocyon and 
Efihydrocyon among the Canidse, in all the posl-Oligocene Folida.', in 
Gulo, Megalictis, Mvstela, etc., among the Mustelidae, in the later Hyse- 
nidas, in EymnoJon and Pferodon among the llyapuo loniidnc, in Palrio- 
felis among the Oxyaenidoe, m all the later Mesonj eliidin. Each one of 
these genera is independently descended from genera in winch the 
metaconid is well developed. In eveiy case, it is simply a stage in 
predaceous adaptation of the molars, nor can it be assigned any other 
significance in the marsupial caniivores. There is, in bhoid, no evidence 
for assuming a closer affinity between thylacines and borhyoenids than 
common descent from didelphyid ancestors, and tlicro is Kstrong evidence 
against such an assiunption. But if this be true, those animals afford 
no evidence for Antarctic conuodioiis between the soiiihorii continents; 
for we have been that Didelphyid marsupials wore certainly present in 
the Mesozoic and early Tertiary of Holarclica and of South America, 
and we have no reason to believe that they would have had greater diffi¬ 
culty in reaching Australia in the Mesozoic or early Tcrtiaiy than the 
murine rodents found at a later date. 

The supposed presence of Diprotodont marsupials in the SonUi Ameri¬ 
can Tertiary and in modern Australia has also been used in support of 
Antarctic connections between the two continents. The recent mor¬ 
phologic studies of Dedereri® and Broom®® have shown that GcRnolestes 


w Interpreted by Sinclair as a progressive character in Thylacinus^ bnt certainly the 
reverse In analogous placental adaptations. 

Patjlinb H. Dedbebr : Amer. Nat, vol. xlIU, p. 614. IdOO. 
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is flot a true diprotodont, but in fact belongs to the polyprotodont diri- 
sion of the Marsupialia, and with this genus must be associated all of the 
Bpanorthids and probably all of the so-called Paueituberculata of tiie 
South American Tertiaries. If then the Diprotodonta, so dominant and 
so widely varied in Australia, were wholly absent from South America, 
while parallel adaptations were developed there from the Polyprotodonta, 
the distribution of these marsupials affords a valid argument against 
instead of for any Antarctic connection during the Tertiary. 

In view of the great amount of adaptive divergence seen in the various 
Pleistocene and modern genera of Australian Diprotodonta, the origin 
of the suborder in Australasia or its earliest invasion of that zoological 
region, must be dated far back in the Tertiary. On our present evidence 
it may well be regarded as wholly autochthonie, derived from early Ter¬ 
tiary or possibly from late Mesozoic polyprotodonts. N’evertheless, in 
view of the defectiveness of the Mesozoic record, where we should chiefly 
expect to find this group, if anywhere in the North, and the presumable 
rarity of Tertiary survivors, tliere is nothing unlikely in the view that 
they originated piimarily m the North like their polyprotodont and 
allotherian relatives and were driven southward with the former group 
and somewhat more thoroughly extinguished in the north, while in Aus¬ 
tralia they blossomed out into a great adaptive expansion paralleling the 
absent ungulate mammals. 

It is probable that the opossums survived in North America throughout 
the Tertiary, although there is no clear record of them in our Miocene 
and Pliocene.®^ But we know only a small part of our Pliocene fauna 
as yet, and the Miocene, although better known, represents chiefly the 
animals of the open plains, the forest fauna being very incompletely rep¬ 
resented. On the other hand, it seems probable that the apparent dis¬ 
appearance of marsupials from Western Europe after the Lower Miocene 
was real, and it is probable that they had disappeared even earlier from 
Asia. They have not been found in the later Tertiaries of India or 
China, so that they must have been rare if not absent at that time. The 
Eocene Tertiary of Asia, where they might be expected to be common, 
is altogether unknown.®* 

very badly presemd skull from the Colorado Miocene and a law frasment from 
the South Dakota Miocene In the American Museum cpllectlons are perhaps marsupials; 
hut I have never been able to see in either specimen satisfactory proof that they were 
so, and have consequently never recorded them 

“The earliest Asiatic Tertiary fauna Is that of the Bugtl beds of India» lower Bur- 
dlgallan or upper Aquitanian according to Pilgrim, Bee. Geol. Sur. India, vol. zllli, pt 4, 
pp. 264 320. It Is therefore either late Oligocene or early Miocene. 
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Table XVl,—Distribution of Pdluprotodont Mumipmls 



Neotropical 

Nearctic 

Pahoarctic 

Ethiopian 

Recent 

Didelphyida} 

C‘d nolestes 

Didf fphya 

None 

None 

Pleistocene 

Didelphyidte 

Didelphys 

None 

None 

Pliocene 

Borhymnidm**’ 

Didelphyidaj 

Epanorthidsc 

None 

known 

None 

(Record in¬ 
adequate) 

Miocene 

Borhyienidse 

Didelphyidm 

Epanortnidm 

0 S6 

None after 
lower iMi- 
cene 

(No record) 

OUgoceue 

1 

Borhypenidie 

Didelphyidae 

Peratherium 

P&ratherhm 

None 

Eocene 

Polydolops, etc 
Borhytenidffi 
Didelphyidai 
Caroloomc- 
ghinia 

Pei'at/ierium 

Peratherhnnl 

i 

c 

8 

Cretaceous 


Ciniolcatidaj 

TMxodon 

(No record) 

o 

W 

0 

i 

s 

Comanche 

Pvoteodldd’ 

phys^ 

(No record) 

Jurassic 


Tri(*onodoiiti(lu‘ 



wPraftinenlary mn«ins, rolVrml lo ihuMuxlontidn' 1),^ In*. Ajncyliino 
Jurassic, fide Ameghlno. 

»Doubtful fragments of Jaws which may be Dldelphyld. 

««Except on borders of Australian region. 


Oriental 

Australian 

None'* 

Tliylacinidse 

Dasyuridse 

None 

Thylacinidae 

Dasyuridffi 

None 


None 


_ 

8 


2 



1 

o3 

8 

1 




0 

tJ 

1 


S 

h 

£ 

X 

OS 


H 

0 

i 

*0 


i 




,0 
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Table XVTT. —DisMhution of Diprotodont and Pseudodiprotodont Marsupials 
and Allotheria {Multituherculata) 



Paucituber- 

culata 

Allotheria 

Diprotodontia 

vera 


Neotropical 

Nea retie 

Palsearctic 

Ethiopian 

Australian 

Recent 

CsenolestefP^ 

None 

None 

None 

Macropodidfe 
Phaseolomy- 
idae etc. 






Diprotodon- 

tidie 

Macropodidse 
Thylacole- 
otiidae etc. 

Pleistocene 


None 

None 


Pliocene 

Epanor- 

thidie®® 

None 

None 



Miocene 

Epanor- 

thidse®* 

None 




Oligocene 

Epanor- 

thidse®* 

None 

None 

None 

Wynyardiaf* 

Eocene 

PolydoJops 

etc.®® 


None 



Paleocene 


PtUodus 
PoJymasto- 
don etc. 

Neoplagiaur 

lax 



Cretaceous 


PtUodus 
^lemsccees- 
SICS etc. 

1 



Comanche 






Jurassic 


Ctenaoodon 

etc. 

Plagiaulax 

etc. 

Trltylodon 


Triassic 



Mierolestes 

Karroomys 



^ This genus is a pseudo-dlprotodont, as its real affinities are with Polyprotodontla, as 
shown by Dederer and Brooxn, 7. c. 

Affinities probably with OimoleBtes, 

Combines Polyprotodont and Diprotodont characters. 
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MONOTREMATA 

The monotremes arc the lowest group of mammals, far remoxecl btruc- 
turally fiom any others. Their connection with the mam stock must 
date back to the end of the Paleozoic era. Nothing is known of their 
evolutionary history. The Multituberculata of the Mesozoic and Basal 
Eocene are regarded by Broom as ancestral to them, but this view is not 
supported by additional evidence since obtained. XenolJiermm^^ of the 
North American Oligocene, referred by its describer to the monotremes, 
is an Insectivore related to the Chrysochlorida); Scotwops^^ of the South 
American Tertiary is an Armadillo,®® and other genera referred by 
Ameghino to the Monotremes probably also pertain to other groups. 
We find them to-day limited to the Australian region, and surviving 
even there only by virtue of unusual specializations of habit; Echidna 
protected by its coat of spines, Omithorhynclius by its amphibious habitat, 
both genera burrowing and nocturnal. Presumably, these genera repre¬ 
sent the last relic of the early Mesozoic dispersal movements of the 
Mammalia. 

SUMMARY OE THE PIVIDENOE FROM DISFERSAL OF LAND MAMM VLS 

The foregoing review of the several groups of land mammals shows 
that the more recently evolved and dominant races of Mammalia are to¬ 
day mainly Holarctic, and many of them have not yet reached the more 
peripheral regions; that the ancestry of all those dominant races has been 
found in the Holarctic Tertiary formations, sometimes in Europe, some¬ 
times North America, more generally a series in each country of equiva¬ 
lent approximately ancestral stages. Where the geological record is ade¬ 
quate, these races are shown to bo newcomers in the peripheral continenis 
which they have invaded, and any ancestral scries is absent. Their re])re- 
seniatives in the peripheral continents arc to a varyhig degree primitive 
and allied to earlier stages in the evolution of the race as represented in 
the Tertiary record of Holarctica, hut they have specialized more or loss 
along parallel or divergent lines from the direct line of descent of the 
northern representatives. 

When the parallel series in Europe and North America are sufficiently 
complete they are seen to be not parallel phyla of independent local evo¬ 
lution, but periodically recruited by more progressive new stages, appar- 

Earl Douglass, 1905. (The name is preoccupied by Zenoiherium Ameghino. 1904, 
a genus of typotheres.) 

»Pl, Ameghino, 1887. 

« W. B. Scott : Rep, Prln. Exp. Patag., voL 6 , p. 12. 1908. 
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ently from a common center of dispersal. The relations are like those of 
one side and the otiier of a branching tree whose trunk region is unknown 
to us. 

The more ancient and primitive groups of the Mammalia have mostly 
disappeared, or are in process of disappearance, from Holarctica. In the 
peripheral continents, they have undergone in many cases a notable local 
adaptive radiation and expansion, extensive in proportion to the isolation 
of these continents from the northern realm, more complete during the 
early and middle Tertiary than now. When the reunion to Holarctica 
permitted the northern fauna to invade the peripheral continents, these 
autochthonous groups were in general unable to maintain themselves 
against the competition of the more progressive northern races, and have 
eiilier wholly disappeared or left a few scattered survivors, mostly aber¬ 
rant specializations which did not come directly into competition with the 
invading races. The survival of the major part of the marsupial radia¬ 
tion in Australia is attributable to its continued isolation. The apparent 
fact that Neotropical races of Edentata were able to invade North Amer¬ 
ica during the Pliocene and Pleistocene may be ascribed to two factors: 

1) No Nearctic groups of closely analogous specialization existed at 
that time. 

8) Owing to the far southerly extension of South America, the evolu¬ 
tion of mammals in that region was, so far as controlled by climatic 
change, more progressive and more nearly equivalent to the Holaretic 
evolution than in Australia or Africa. Its products therefore were better 
able to maintain themselves against their northern competitors. 

If we regard the Proboscidea as of Ethiopian origin, we must suppose 
that they too constitute an exception to the general rule that the races 
evolved in the peripheral regions have l)een unable to invade Holarctica. 
But the recent discoveries of Pilgrim and Cooper in the Oligocene of 
India tend strongly to show that the Proboscidea were from the first, as 
they certainly were in the later Tertiary, a group of Asiatic, not African, 
dispersal. 

The dominant influence of climate in controlling the range of modem 
mammals has been emphasized by 0. H. Merriam. The mammals adapted 
to north temperate or even boreal climate are the most specialized and 
last evolved members of their respective races. The most primitive sur¬ 
vivors of northern races, and surviving members of races formerly abun¬ 
dant in the north, are met with chiefly in tropical regions. Similar rela¬ 
tions are seen in the faunae of the aninrctic as compared with the southern 
tropical regions, although less obvious. This is especially seen in South 
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x\merica. It is displayed there quite as clearly in races, such as the crice- 
tine rodents, cervidic, etc,, which are admittedly of Northern origin, as it 
is in any autochthonous groups. Hence, it cannot be attributed to a gen¬ 
eral Antarctic dispersal center, but must be explained as a parallel evolu¬ 
tion under similar climatic stimulus. 

The general distribution oE Mammalia on these lines is almost univer¬ 
sally accepted; but many writers have pointed out certaiji supposed ex¬ 
ceptions and found it necessary to account for them by various hypo¬ 
thetical continental bridges. A careful consideration of these supposed 
exceptions shows that, if due allowance be made for parallelism and for 
the imperfection of the record, each one can be more satisfactorily inter¬ 
preted in aceordance with the general law. And the acceptance of any 
such continental bridges would entail migrations of other groups which 
assuredly have not occurred. The hystricomorph rodents of South Amer¬ 
ica afford a single exceptional instance, in which over-sea transportation 
from Africa appears to bo the only reasonable interpretation of the evi¬ 
dence at hand. 

I place much greater weight on the evidence from mammalian distri¬ 
bution than on that of any other terrestrial group for several reasons, as 
follows: 

1) Their past history, the time, place and method of evolution of the vari¬ 
ous races, is better known than in any other group of land animals or plants. 

2) The complexity of structure in the hard parts which are preserved as 
fossils is greater, affording a larger amount of evidence by which we may dis¬ 
tinguish parallel or analogous races and determine the closeness of their real 
affinities. As Stehliu*® has recently observed, a single tooth of a mammal 
affords as much stmcturnl evidence whereby to determine its relationships as 
the entire skeleton of most invertebrates. Where ottr evidence is thus lim¬ 
ited (to a single tooth, for example), we may, and frociuently do, find difficulty 
in deciding the exact affinities of a fossil mammal. But where we have tlie 
skull or the skelettm or even the entire dentition, the results are <*orrcspond- 
ingly sure and precise as the daU arc more extensive. 

3) Owing to their nearness to ourselves, their large susc and other causes, 
we are better able to understand their adaptation and obseiwe and appi^eciate 
the factors which may affect their evolution and migi'ation. 

In dealing with the evidence furnished by the lower vertebrates and 
invertebrates, we are hampered by the wider limits of time within which 
the migration may have taken place, by the relative simplicity of the 
structure of the hard parts, which makes it less easy to distinguish paral- 


^“Uber die Saugethlere der Schweizerlsche Bohneraformallon,” Verb. Sebw. Naturf, 
(Resell,, 93 Jahresvers. 1910, Basel, P. 11 of separate. 
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leKsm from immediate affinity,*'^ by the relative scarcity ol fossils as com¬ 
pared with living species (among land animals), and by our less certain 
knowledge oJ' the causes which may control their evolution, their means 
of migration, and their true evolutionary history and alEnities. 


of neoative evidenci] ix fossil mam:!j:al faunae 

hi considering a Tertiary mammal fauna, we must keep in mind the 
facts that there may be large facies of it that are represented, imperfectly, 
if at all, in onr records, and that there may be important parts of it 
which IniNc Icli little or no record, oAving to their habitat, small size or 
other circumstances. AVe may, Avitli some reserve, conclude that the en¬ 
tire abs(‘n(-e from the ivcord of a group which is abundant m other faunae 
indicates its real absence from the fauna. But Ave are not justified in so 
concluding in the (-ase of rare or iinniispicuous races. It is fair to as¬ 
sume tliat tile al)Nence (»f Perissodactyla From the Oligocene fauna of 
Egypt or the Miot^one fauna of Patagonia was real, and not a matter of 
defectiAO record. The same ashuniption Avould be unjustified in the case 
of didelphid marsupials and dilambdodont hisocthora res])ecti\ely. But 
the most conclusi\e oAidenco of the absence of a certain group from a 
giA^en fauna is that while it is not found fossil, another group is foimd to 
have become adapted on parallel lines, taking its place in the fauna. The 
absence of Perissodactyla and Artiodactvla from the Miocene of South 
xVmerica is confirmed by our finding Litoptoma, Toxodontia and Astra- 
potheria, which parallel in adaptation the horses, rhinoceroses, tapirs, 
camels, etc., of the JSTorth; the absence of Carnivora by the parallel adapta¬ 
tion of marsu])ials to take their place. The evolution of lemuroid pri¬ 
mates in Madagascenr into large quadrupedal forms apparently paralleling 
certain groups of f’^ngulatcs,^'^ affortls some evidence that the Tertiary 
hoofed mammals were luiahlo to iinado Madagascar. 

The absence of lissiped CarniA^'ora from the recorded Oligocene fauna 
of Egypt would not bo conclusive in itself; but, coupled with the excep¬ 
tional A’ariety and abundance of the more archaic creodonts of the family 

^ U may l)e noted In Illustration of this point that a natural cast of the entire carcass 
of a mammal would afford far less secure information as to Its real affinities than would 
a fossil skull, and less oven than a lower Jaw with reasonably perfect teeth. The parallel 
adaptations so frequently recognized among mammals lead to superficial resemblance of 
distantly related typos whose truo affinities are readily recognized by the internal struc* 
turo. If, as among most invertebrates, we had only an external skeleton to guide us, 
the real affinities would not be so securely recognized. 

0° The skull and the short limbs of Megaladapls are very suggestive of such types as 
Pmn^i'tftocha nts. The feet do not, however, indicate a terrestrial habitat, nor are the 
teeth efficient In grinding. The resemblance in teeth and skull of Arehisolemur to the 
Anthropoidea is very marked. 



874 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Hyaenodoutidse, it is very strong evidence that fissiped Carnivora had not 
yet invaded the Ethiopian region, at least in any considerable nnmbers. 

Dispersal of Rbptilia 

The essential adaptive feature which distinguishes mammals and birds 
from the reptiles out of which they arose lies in the non-conducting cov¬ 
ering to the skin,—of hair or fur among mammals, of feathers among 
birds. The assumption of this covering enabled the body to be kept at a 
uniformly high temperature, thus favoring the maximum of bodily activ¬ 
ity, and making it practicable to develop the circulation and the entire 
organization to a much higher standard. It also made these classes of 
animals independent of the temperature of their environment. It ena¬ 
bled them to withstand cold or variable climate and to take full advantage 
of the conditions of the colder regions, which appear to favor a higher 
development than can be attained in moist tropical countries. 

The initial development of mammals and birds took place, so far as we 
are able to judge, during the great arid period of the Permian-Triassic. 
They appear to have been derived from unknown groups allied respec¬ 
tively to the theromorphous reptiles and to the ornithischian dinosaurs. 
We know almost nothing of their Mesozoic evolution, because the upland 
epicontinental formations of the Mesozoic, in which this record should be 
chiefly preserved, have been totally swept away, or if any remnants re¬ 
main, they have not been recognized and sufficiently explored to recover 
it. The formations of the swamps and coastal marshes, river-deltas, lit¬ 
toral regions and shallow seas of the Mesozoic are extensively preserved 
and their inhabitants well known to us. But of the upland fauna, wo get 
only an occasional glimpse in such deposits as those of Solenhofen, where 
a few remnants of the fauna of the adjoining uplands have been pre¬ 
served in great perfection. We have, indeed, indirect evidence as to the 
nature of the upland fauna of the Mesozoic, for the successive groups of 
swamp dinosaurs, the marine birds and pterodactyls of the later Mesozoic 
and the abundant and varied mammalian fauna which appears at the 
beginning of the Tertiary are not derivable, any of them, from their 
predecessors in the swamp or marine faunse, but must be traced back to 
ancestors distinctly adapted to diy-land life, which roinvaded the coast- 
swamp, littoral or marine provinces. This will appear more in detail in 
the discussion of the several orders. The point here to be emphasized is 
that the dry-land vertebrate fauna has been throughout the dominant 
facies and has repeatedly reinvaded the swamp and sea-coast provinces, 
the higher activity and better organization acquired on land giving its 
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members, when readapted to the marsh or littoral conditions, an advan¬ 
tage which enabled them to supersede the autochthonous dwellers in those 
conditions. Per contra, there have not been a succession of invasions of 
the dry land by the vertebrate inliabitants of swamp and sea-coast. Once 
established on dry land, the primary groups of dry-land reptiles held 
their own and evolved and expanded into higher types and greater variety, 
but they were not recruited, so far as the evidence shows, by new invasions 
from the swamp and aquatic fauna. 

DTNOSAUniA 

The dinosaurs appear to be primarily a dry-land adaptation (properly 
speaking, two distinct but parallel adaptations) of the primitive rep¬ 
tiles.®® Their most obvious adaptive characters lie in the long limbs and 
swift-running gait and the general parallelism to the ratite birds. As 
such, the conditions of life would tend to greater activity and higher de¬ 
velopment and enable tliem, when they reinvaded the swamps during the 
epochs of great swamp-extension, to reach greater size and dominance. 
It is these readaptions that are chiefly known to us and are apt to give 
the idea that the dinosaurs were distinguished by gigantic size and mass¬ 
ive proportions. In fact, these are no more typical of the order as such 
than the whale, hippopotamus and elephant are fairly typical of the 
mammals as such. There must have been multitudes of small dinosaurs, 
mostly inhabiting the upland, a smaller number living among the swamps 
and marshes, but we know comparatively little about them. Some notion 
of their numbers and variety in the Triassic is gained from the innumer¬ 
able footprints spread over the Triassic shore-deposits of the Connecticut 
Eiver. But of all this multitude, we have actual remains of only two or 
throe types. The CompHognalhus skeleton ot* Solcnhofen is, perhaps, an 
example ot the small light-limbed upland dinosaurs of the Jurassic; 
Hallopus and Podo'kesaw'us are perhaps fairly representative of their 
Triassic ancestors. The Jurassic sauropods, while highly specialized for 
aquatic life and river-bottom wading, yet retain a few features indicative 
of former land life. One of these is the long limbs, which it would seem 
must have been acquired on land. Another is the fact that the knee bends 
forward as it does in all other dinosaurs, while in reptiles primarily am¬ 
phibious the knee bends outward and the limbs are short. The elbow of 
the Sauropoda, on the other hand, bends outward, as in reptiles generally, 
not backward, as it does in primarily quadrupedal land animals, and this 

"F. TON EDiurai: Oeol. a. PaL Abh., N. Bd. zlll, s. S2-38. 1914; Eeaes JabHh, 
Bell. Bd. xzsTll, 8 . 877-587. 1914. 
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T take to be an indication that their quadrupedal gait is partly secondary 
and tliat they arc derivable from long-lim])e(l, partly bipedal ancestrj. 
T]i(‘ shortening of the foot and pilkr-like construction of the limbs is an 
oln mils parallelism udth tlie s])eeialization of these parts seeji in all large 
land mammals and is an adaptation to their great size. No near ])arallel 
(-an be found to this group among living animals; the hippopotamus 
affords some suggoatious, l)ut diverges widely in many respects.*^'^ 

T have already refei’rcd to the primary adaptation of tlie dinosanr*' 
as a dry-land adaptation of the Eeptilia. I'c a limited extent, tlic mod¬ 
ern lizards represent a corresponding adaptation but not earned so far 
or occupying so important a place in the fauna. The lizards have to 
compete with the large and varied dry-land fauna of mammals, and rela- 
ti\ely to tJiese, they occupy but an unimportant niclie in Ihe terrestrial 
life. They suggest, however, the sort of animal which in the absence 
of a higher competing type evolved into the dinosaurs, and their morc^ 
specialized types {e, g,, Olilamydomunis) mimic them in proportions in 
a most instructive manner. 

Dinosaurs are first recorded from the Triassic; those which we actually 
know'’® are of moderate to largo size, slender and long limbed as com¬ 
pared with other reptiles, not highly specialized in dentition, unarmored 
and some but not all bipedal in gait. Indirect ovidcnco in the multitude'- 

»^See W. D. MAa?Tiii3w: “The Pose of the Sauropodous Dinogaurs/’ Amer. Nat., vol, 
xli7, pp. r)47-r)C0, 1910. 

'•^The principal references on TriasNic dinosauis arc the following 

II. Droom “On the South African Dinosaur Ilorialotarsua,” Trans. S. Afr Phil. Soc., 
vol, xvl, pp. 201-204. 1900. 

U. Fra vs : “Die nouesten Dlnosaiirierfunde in der schwabischeu Trias,” Dio Natur- 
wlssensehaften, Bd. I, Heft 4r», pp. 1007-1100. 101,3. 

P. ’VON ID rvn; “Die Dinosanrior der enropUiachen Trlastormatlon.” Geol. n. Pal. 
Ahh., Supplom. Dd. I, 1008. 

- * “Kin piimillver Dinosaurler aus Elgin,” Ocol. ii. Pal. Abh., Bd. viv (N, fc?., 

Bd.x) rieft. I. 1010. 

-; “Beltrilge zur Gesolilclite dcr Archosanrlcr,*’ Ihid,, Bd. svil (N. S., Bd. sill) 

Heft.L toil. 

-: “rebel- die Zwclstilmiuigkeit der Dlnobaurier,” Neues Jahrb. Bell., Bd. xxxrii, 

R. .777-3S0. 1014. 

F. vov IlmvE unil R. R. Lull- “Neubeschreibnng des Originals von Xanonauim agilh 
Marsh,” Nones Jahrb., Bd. I, a. 184-144. 1008. 

-; **On the Triassic Reptile Hallopu$ viclor Marsh,’* Amcr. Jour. Sci., 

vol. XXV, pp 118-118. 1008. 

0. .TAEKRn: “Ueber die WIrbethlerfunde in der Oberon Trias von Ilalberstadt,” Pale- 
ont. Zeltsch., Bd. I, s. IS,*}. 1913. 

R. S. Li ll : “Posall Footprints of the .Tura-Trlas of North America,” Mem. Boston 
Soc, Nat. Hist., vol. V, pp. 461-357. 1004. 

-• “Dlnosaurian Distribution,” Am. Jour. Sci., vol. xxix, pp, 1-30, 1010. 

-: “The Life of the Connecticut Trias,” md., vol. xxxlll, pp. 307-422. 1912. 

O. C. Marsh : “Notes on Triassic Dlnosaurla,” vol. xlili, pp, 543-640. 1892. 

-: “Restoration of Anchlsaurua,” ibid., vol. xlv, pp. 100-170. 1803, 

-: “Dinosaurs of North America,” IJ. S, OeoL Sur„ lOlh Annual Report, pp. 143- 

244, pll. 1806. 
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of ro()t])i*iiitfi or tlj(^ (\>jiiiootK*nt sHiulfitones shows that there must 

have been also a great number and \arieh' of small bipedal three-toed 
forms all presuinu)>l} dinosinrN aiK* other leptiles nitli slioiter feet and 
more numerous toes which ma> also have been dinosaurs, although not 
generally so referred. LiilP® states in regard to the latter: ^These forma 
seem to represent sur\nors of the ancient stem from which the dinosaurs 
arose; they may, howo\er, represent primithe quadrupedal dinosaurs 
which had not yet acquired the erect gait.^^ He calls attention to their 
possible relationship to Prolorosaurus and Kadaliosaunt^, 

From these and other fragments of evidence, we may reconstruct a 
concept of the dinosaurs as a land adaptation developed during the arid 
Permo-Triassic cdiinatic phase, eorn^sponding to the later deployments of 
the mammals along the same lines of adaptation and under a similar 
impelling cause of progi’cssive aridity and continental expansion. Dur¬ 
ing the base-leveling and submergence and moist tropical climate of the 
Jura, these dry-land adaptations reinvaded the swamps and coast- 
marshes, tlio least specialized types (cf. Protorosaums)^ more quad¬ 
rupedal and some of them long-ncckcd, reverting farthest towards an 
aquatic life and specializing into the peculiar Sauropoda, while the higher 
bipedal types retained more of their terrestrial habitat but evolved into 
huge, massive armored and bizarre creatures, to be paralleled in habit 
and type at a laler date by the bizarre specializations of the Eocene Mam¬ 
malia. These are the familiar dinosaur fauna of the Upper Jura and 
basal Cretaceous. The drier uplands of tliat time must have been ten¬ 
anted by lighter, smaller dinosaurs, but of these, in my opinion, we have 
little direct evidence. But that they continued to exist and carrj' for¬ 
ward their primary lines of adaptation is shown by the subsequent history 
of the ordcr.^®® 

In the Lower (h’otaceous occurred a swing towards emergence and arid 
condiiions, not o.vtreme, but sufficient to wipe oxit the sauropod dinosaurs 
in the norihern world. They surxived, however, in the southern conti¬ 
nents until, in the middle and later Cretaceous, the pendulum swung back 
to a marked extreme of submergence and moist-tropical climate, and 
their remains are found in late Cretaceous beds in South America, East 
Africa, Madagas(*ar and Australia. The correlation of these beds is in 
need of revision, however; they may be Comanchean. In the Horthem 

S. Lull: I.o., p. 482. X904. 

R. S. Lull (“Dinosaurian Distribution,” Amor. Jour. Scl.. vol. xxlx, pp. 1-S9, 1910) 
has admirably summed up the data regarding the geological occurrence of dinosaurs. 
While not agreeing in all respects with his interpretation, I tahe pleasure In noting the 
accuracy and clear presentation of the evidence as worthy of the high regard In which 
Its author Is held hy his confreres. 
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world, at all events, they did not reappear after the early Comanchean. 
A dinosaur fauna largely similar to that of the Jurassic in habits and 
adaptation in other respects, developed during the late Cretaceous in 
the ISTorth. It contains no Sauropoda, but it includes amphibious types 
(Tracliodontidae) with marked aquatic adaptation, gigantic terrestrial 
swamp and forest dwellers, like the ceratopsians, tyrannosaurs and anky- 
losaui-s, and many smaller more agile forms. These Cretaceous giants, 
however, appear to have evolved, not from amphibious or aquatic dino¬ 
saurs of the Jura, but, in pai*t at least, from small and little known forms, 
of more upland adaptation, which had been much more highly specialized 
for dry-land life than any of the Jurassic swamp dwellers, and had re- 
adapted themselves to the forest and swamp environment of the later 
Cretaceous. The trachodonts and ceratopsians, for instance, while re¬ 
lated to the earlier iguaiiodonts, camiot be directly derived from them 
but must be traced back to some unknown contemporary which was highly 
progressive in developing efdcient grinding dentition, compact feet with 
flattened hoofs, etc.—characters which in a survey of mammalian adapta¬ 
tion we find to be especially associated with upland habitat. The evi¬ 
dences of former dry-land adaptation are not so clearly shown in the 
other swamp-giants of the late Cretaceous, but they may perhaps be 
shown by further study.^®^ 

In sum, we may find in the hypothesis of recurrent climatic change, 
and in the primary adaptation of the dinosaurs as a dry-land adaptation 
of Eeptilia and their secondary readaptations to forest and swamp life, 
a fairly satisfactory solution of their distribution and phylogeiiy. Lull, 
in his able discussion of the subject (1910), explains their adaptation 
along these lines. But at present our data, l)oth of correlation and 
identification, are too uncertain to allow of positive and del ailed con¬ 
clusions in regard to the centers of dispersal and course of migration of 
the dinosaurs. That the sauropods survived in the southern coiitmonts 
long after their extinction in the north appears proven, if wo accept the 
stated geological correlations of the southern formations where tlicy are 
found and set aside as an erroneous identification the reported occumnee 
of a sauropod in the Danian of TTranccA*^^ That the Theropoda survived 
into the Eocene in South America and Theropoda and Predentata into 
the Paleocene in North America is not improbable on a prmi grounds, 

^ L. Dollo (Bull. Soc. Belg. G^l., sis:, p. 441. 1006) has shown that the qnadnipedal 
gait of many of the Predentate dinosaurs is a secondary adaptation from hlpedal ances¬ 
try. I believe this to be true, to a less extent, of the Sauropoda as well. 

Nopsca (Hep. Geol. Mag., vol. vii, p. 261. 1010) states that the femur on 

which this recorded occurrence Is based Is not a sauropod but a trachodont dinosaur, 
allied to or Identical with Telmatosaurus of the Gosau beds of Austria. 
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but the evidence that they actually did so survive is open to serious 
question. So far as they go, the facts accord with the dispersal of the 
dinosaurs from the northern land mass. And so far as I have been able 
to review the data, the migi'ations of the order could be made to conform 
with the present distribution of continental and abyssal areas (Mada¬ 
gascar excopted^’^'^) about as well as with the different distribution upon 
which they are plotted by Dr. Lull. 

It is significant in this connection to note that young individuals are 
very rarely found in the dinosaur formations. Thousands of individuals 
are found together in some of the great quarries, pertaining to a great 
number and \ariety of genera and with a wide range in size, but it is 
very rare to find young individuals among them. This fact is well known 
to collectors, but has not, as far as I know, been commented upon in 
print. It is true that young individuals are less clearly distinguished 
from adult among reptiles thnji among mammals, the chief difference 
being the imperfect ossification of the bone structure, and that such im¬ 
perfectly ossified bones are likely to be poorly preserved and might often 
be rejected by collectors on this account. But making all reasonable 
allowance for these considerations, there remains a very notable contrast 
with fossil mammal quarries and fossilifcrons formations, in which young 
individuals arc always to be fomid among any considerable number of 
adult specimens and often are more numerous than mature individuals. 

This may be interpreted in conformity with the above theories as to 
the habitat of dinosaurs, by suppasing that the young dinosaurs were 
more dry land or upland animals, retaining the ancestral habitat, and 
coming down into the swamps only when they reached maturity and 
their larger size made an amphibious or aquatic habitat more suitable. 
The young animals w^ould rarely or never visit the swamps and deltas, 
whose formations have alone been preserved, and their fossil remains 
would bo correspondingly scarce. 

Young crocodiles, so far as I can gather from various descriptions, are 
somewhat more teirestrial in habit than the full-grown nnimal, but the 
difference is evidently not considerable. Analogous cases among fish, 
marine types breeding in fresh water and vice versa, are well known. 
The migration of birds has also some analogj’^, if, as may often have been 
the case, the swamp dinosaurs resorted to dry land for breeding and egg- 
laying purposes. In either ease the breeding or egg-laying place would 
be presumptively the ancestral habitat of the race. 

Cretaceous sauropoda of Madagascar may have reached that Island In the same 
manner as the hippopotamus did at a later period, namely hy swimming. 
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CEIELOKIA 

The publication oi' Dr. Hay^s vsplondid nioiiograpld®^ upon the extinct 
Chelonia of North America liaa added a ^^wat deal to the available data 
for explaining the distribution of thib group. So far as the Tertiary 
and modern distribution goes, it conforms to the same lines of dispersal 
as do the various orders of mammals. The pre-Tertiary histoiy of the 
order is mos% too fragmentary to afford any important data bearing, 
pro or con, upon the theories here presented. The whole order is in 
general eonservativ e and persistent to a high degree, like the Crocodilia. 

The occurrence of giant tortoises (Tes(uflo) on several oceanic islands 
and in Australia and Patagonia (Meiolania) has been adduced as c\i- 
dence for continental connection of these islands and for an Antarctic 
connection of the two southern continents. Here, as in the case of the 
carnivorous marsupials cited on page 2G5, the evidence will not bear close 
examination. In the first place, we know that large tortoises of the 
genera Tesindo and Btylemys are among the most abundant fossils in 
the Middle and later Tertiary of the Nearctie, Palsearetic, Oriental and 
Ethiopian regions. So far as we can judge, they were cosmopolitan, 
except Australia and Patagonia. They occur in the Pleistocene of Cuba 
and Madagascar and survive to the present day in certain islands in the 
Indian Ocean and in the Galapagos Islands. So far as these oceanic 
islands are concerned, if we assume that their presence in one involves 
continental union, it mnst do so in all. If such continental union oc¬ 
curred, it is hardly conceivable that, in each instance, tortoises alone 
would have made their way to the islands. We must infer for each and 
every one of them a vertebrate and invertebrate land fauna. Wlicre is 
tliat land fauna, and why has it perished ? The idea of selective drown¬ 
ing might possibly be entertained if we had to do witli only a single 
instance, but is too absurd for serious consideration, wlu*u wo d(‘al with 
several instances of the survival of the same race. The only reasonable 
method of accounting for the presonee of Tesiudo on these islands is 
that its facilities for oceanic distribution are somewhat better than those 
of mammals and that it arrived by over-sea transportation. 

The most recent argument for land connection of the Galapagos 
Islands is by Dr. Hay.’°® He advocates a connection with Central Amer¬ 
ica, via a submerged ridge which is shown in the reports of the Blake 
Expedition to extend southwest from Costa Rica towards the islands. 

0. P, Hay ; “Fossil Turtles of NorlU Amorl<*a/’ Institution Publ. No. 76. 

1908 , 

0. P. Hay. 1. r. 
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The depth ol tliis ridge Dr. Hay omits to state, but the soundings indi¬ 
cate it as being upwards of ten thousand feet, so that it does not mate¬ 
rially alEect the improbability of an elevation to this extent. The Gala¬ 
pagos Islands are purely voleanie in origin and stand upon a platform 
less than a thousand feet in depth, similar on a smaller scale to that 
which surrounds the continents and presumably open to similar inter¬ 
pretation. If so, the islands have, probably, been more or less completely 
united at periods of continental emergence and completely isolated at 
periods of continental submergence (if any such have occurred since 
they wore firbt upbuilt from the ocean floor by volcanic ejectamenta) 
but never connected witli the mainland. As the island platform is less 
extensive than Madagascar or Cuba, farther from the mainland and 
without intervening island stepping-stones, the opportunities for success¬ 
ful colonization through rafts or other means of transport have been 
fewer, and have not succeeded in introducing any mammals or amphib¬ 
ians and but few reptiles and invertebrates. The most favorable oppor¬ 
tunity for such colonization would be when the islands were at their 
maximum elevation—^towards the end of the Tertiary, if this corre¬ 
sponded with the elevation of the mainland—as at that time the extent 
of coast and consequent probability of making a landing would be much 
greater. The subsequent isolation of the islands by submergence ac¬ 
counts for the presence of distinct although related species on different 
islands. Thus the series of ^‘miracles of transportation,’^ which Dr. Hay 
finds it so difficult to accept, dwindles down to a single ^^miracle” and 
to one which he must invoke to account for the populating of the more 
remote Pacific islands, and which, when considered in relation to the 
time involved, does not really involve any serious improbability. On 
the other hand, if a miracle be an exceptional occurrence iu apparent 
(‘ontraventiou of all probabilities, and without assignable causes in nat¬ 
ural law, I tliiiik tlie processes of selective drowning, or of selective 
migration of sporadic elements of a fauna, involved in the alternate 
hypothesis, in addition to the elevation during the late Tertiary of 
abyssal depfhs to the surface, unwarranted by any valid evidence, does 
involve a series of mii-acles, almost as unworthy of belief on the evidence 
offered, as the special creation of the species of the Galapagos Islands 
appeared to Darwin. 

The present distribution of species of Testudo on the islands of the 
Indian Ocean has been partly changed by man, so that there is some 
uncertainty about its details. Lydekker states it as follows: 

“Madagascar, probably the CJomoros, North and South Aldabra-Hsmall islands 
lying to the noithwest of the northern point of Madagascar—the Mascarenes 



[XNiL^^ ^IJ^\ YORE iCADEMY OF SCIENCES 


or Mi*.bearenhas, situated to the east of Madagascar and including Reunion, 
Mauritius and Rodriguez and lastly the Amirantes and the Seychelles, which 
are the most northern of the whole assemblage and only about four degrees 
south of the equator.”*"* 

Each of tliese gioups of islands, except the Mascarenes, stands upon 
a shallow plalfonn, and is surrounded by abyssal ocean, upwards of 5000 
feet between the Comoros and Africa, elsewhere upwards of ten thousand 
feet. The three Mascarene islands rise separately from abyssal depths. 
Madagascar is about 180 miles from the African coast; the other islands 
are 400 to 600 miles from Madagaseai'; the present normal set of current 
is unfavorable to transportation from Madagascar. 

It is ver}’ frequently asserted that a bank of shallow soundings con¬ 
nects India with Madagascar through the Amirante Seychelles group, 
and that this indicates a foimer continental bridge of which these islands 
are remnants. The facts are as above stated; the so-called bank is very 
little above the general level of the floor of the Indian Ocean and is not 
differentiated from it in any features of relief that would suggest its 
former continental character. 

The transportation of natural rafts five hundred miles against the 
normal set of current—or five times that distance if from the East 
Indies—is the most improbable element in this explanation. '’Fhere is 
no valid reason to suppose that the general direction of winds and cur¬ 
rents differed materially in the later Tertiary from the present clay 
conditions. I do not think it necessary to assume with Dr. Lydekker 
that the tortoises wem of gigantic size when they reached the islands or 
to ignore, as he does, the elements of parallelism in considering their 
aflSnities to continental species. Nor does it appear that the difficulties 
whicli he admits in accounting, on the hypothesis of former continental 
union, for the absence of the rest of the fauna, should be ^^sot aside for 
future consideration.’^ They add so greatly to the improbability of the 
hypothesis, that in conjunction with the physiographic difficnltios it 
appears wholly out of range of reasonable probability. On the other 
hand, an investigation of the \ery variable direction of the winds and 
currents in the Indian Ocean would probably yield data to reduce the 
improbabilities in the hypothesis of over-sea transportation as above 
stated. The third possible hypothesis is that the present distribution is 
due in part to hnman agency, not necessarily limited to the historic 
period. If this factor may account for a species of Canis in Australia 
distinct from the living species of Arctogaea, it may perhaps help to 
account for peculiar species of tortoises as well. 

^Science Pro#?ross, October. 1910, p. 303 
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As for Miolania, it occurs in the Notostylops Beds of Patagonia and in 
the Pleistocene of Australia. The Notostylops Beds are Eocene, as here 
advocated. The persistence of so highly specialized a genus for so long a 
period appears surprising; if they are Lower Cretaceous, as Ameghino 
asserts, it is quite unprecedented. My acquaintance with chelonian anat¬ 
omy is not adequate to warrant my venturing an opinion as to how far 
parallel evolution from less specialized Pleurodira might account for this 
anomaly. But we certainly do not know to what extent this genus or a 
less specialized pleurodiran ancestor may have been aquatic or even ma¬ 
rine in its habits. And unless we suppose that it had some such semi¬ 
marine adaptations which would enable it to cross a marine barrier im¬ 
possible for terrestrial mammals, I do not see how to account for its reach¬ 
ing Australia without any of the Notostylops mammalian fauna accom¬ 
panying it. AVe cannot believe that a placental fauna ever reached Aus¬ 
tralia, for if it had we should not see the development of a marsupial 
fauna on analogous adaptive lines to take its place. Miolania, then, could 
cross some barrier, presumably an ocean barrier, which land mammals 
could not; and it becomes merely a question of how wide a barrier this 
extinct chelonian of unknown habits could cross. Tlic present lines of 
•the continents within the continental shelf would not present materially 
greater difficulties in its reaching Australia \ia .Antarctica than Tesiudo 
has managed to surmount in reaching Mauritius and the Seychelles, and 
I think we are justified in saying that the occurrence of Miolania has no 
weight as evidence of former Antarctic connections of the Southern conti¬ 
nents and, in fact, is opposed to anv actual land connection. 

The following notes on the distribution of the land Chelonia are sum¬ 
marized from Dr. Kay’s monograph: 

Oryptodira are the dominant group of turtles and compare with the pla- 
centals among mammals. All continents except Australia. 

Chelydridee ,—CJentral America, eastern North Ameiica and New Guinea. 
Apparently a relict-distribution, but the family is unknown fossil. 

Dcrmatcmifdidw .—Part of Central America. Found in abundance in North 
America in the Upper Cretaceous and in reduced numbers during the Tertiary. 

Emydidw ,—Chiefly Holarctic and Oriental. A few have reached South 
America, none in Ethiopia, Madagascar or Australia. First known in Holarctic 
Lower Eocene. 

Testudinidee ,—Very abundant In Tertiary Holarctica but now mostly re¬ 
stricted to its southern mai*gin. Abundant now in Ethiopia and a few species 
In Neotropical and Oriental regions; also in oceanic islands. Present in Su¬ 
matra, absent in Java, present in Celebes but absent in Borneo. These and 
other features are very suggestive of man's having had much to do with the 
local extinction of Tortoises. For obvious reasons this family would be pecu¬ 
liarly subject to his ravages. 
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Pleurodira .—^Now limited to the three southern continents, Holarctic in the 
later Mesozoic and early Tertiary, and the extinct Amphichelydia from which 
they are descended were likewise a Holarctic group. The occurrence of closely 
related genera in South America and Madagascar is used in support of a 
Brazilian-Ethiopian-Malagasy land connection. Tt would be interpreted in 
conformity with the views here advocated, as due to common descent or to 
parallel evolution from Tertiary Pleurodira of Holarctica. 

Trionychidop ,—^The distribution of this group is exceptional in that it is en¬ 
tirely absent from the Neotropical region and the Pacific coast of North 
America, while common to eastern North America, the Ethiopian, Oriental and 
southeastern Palmarctic regions and New Guinea. Ameghino records Trionyx 
from the Notostplopa Beds of Patagonia,*" indicating If the identification be 
correct that the group was formerly present in South America. It is found 
abundantly in the Cretaceous and Tertiary of North America and in the older 
Tertiary of Europe; absent from Australia and Madagascar. 

Presumably this is a relict-distribution of an ancient group, whose facilities 
for transportation were relatively limited. It should be noted that the hy¬ 
pothesis of over-sea transportation on rafts would be less applicable to aquatic 
animals than to their terrestrial relatives, as they would be less likely to be 
carried out to sea on floating vegetation, on account of their ability to leave 
it at will for the shore. But the absence of the group from the Neotropical 
and Western Nearctic, and its presence in New Guinea, are anomalous features. 


CEOOOJDILIA 

The crocodiles are usually regarded as the most conservative of the 
reptilian orders. This is true enough, so far as adaptive specialization 
from the primitive amphibious environment into the higher plane of ter¬ 
restrial habitat is concerned. Their expansional tendencies have been in 
the other direction, towards invasion of the marine province. 

The present geographic distribution of the group is as follows: 

Narrow f CaviaUs, India, 
snouted | TomUtoma^ Bast Indies. 

^ AUlgator, Southern United States, China. 

Broad Africa, southwest Asia, Oriental and northern Austra- 

snoutedl regions, tropical America and West Indies. 

Caiman, Tropical America. 

OsteolmnuStWest ALfrica. 


This is voTV clearly a rcmnaiat-distribution and is explained, at least in 
part, by the occurrence of crocodiles in the Tertiary. Fossil Crocodilia 
are abundant in the early Tertiaries of Europe and North AmaTip p The 
European species, according to Zittel,i«« belong partly to Grocodilus, 


3oc. 


AMnoHiNo: “Age des Ponnations Sedlmentaires de Patagonle,” Anal, 
Clenl. Argent, tom. l, li\. p. 52 of separata, 1903. 

«« K. A, VON ZiTTEi.; Orundztlge der Palaontologle, 2e Aufl., 11 Abteil, s. 272. 1911. 
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partly to the extinct genus Diplocynodon, in which the proportions of the 
skull are like Alligator, but with a notch for the lower canine, like Groco^ 
Ulus, while the armor, especially the belly armor, is like that of Caiman, 
North American Tertiary Crocodilia are all with one exception referred 
to Crocodilus, but the armor is incompletely known, and they may prove 
also to include Diplocynodon, Oavialis is recorded from the late Tertiary 
of India; Tomistoma and Crocodilus occur in the Oligocene of Egypt 
and Tomistoma in the Miocene of southern Europe. The common Egyp- 



Fig 32 .—Listrihntlon of the OrocodilidfF 

Originating probably in Cretaceous Holarctica, they have been restricted to the pe¬ 
ripheral continents by inability to become adapted to cold climates. Note discontinuous 
occurrence of crocodiles and of alligators, the last the most specialized, as Caiman and 
Oateol(Bmu8 are the most primitive of the living genera. 

tian Oligocene species of Tomistoma is intermediate between this genus 
and Oavialis. 

The Upper Cretaceous crocodiles are nearly allied to those of the early 
Tertiary. 

The Jurassic and Oomanchic crocodiles include also long-snouted 
gavial-like forms, more or less marine in habitat, and broader-snouted 
crocodile or alligator-like forms of more strictly fresh-water habitat. AU 
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have amphicoelous vertebrae, whereas all Cenozoic and late Crctacic croco¬ 
diles have proecelons vertebrae. It is commonly believed that certain of 
the narrow-snouted l\pe.s (Tvleomnnts) led into the ga\ials, the broad- 
snouted (Ooniopholids) into crocodiles and alligators; and that the 
broad-snouted types iirsi appearing in the Upper Jura arc deri\cd from 
the teleosaurs which first appear in the Middle Jura. Neither of these 
propositions seems to me to be probable. The narrow-snouted crocodiles 
arc characteristic of marine or semi-marine formations, the broad-snouted 
kinds of fresh-water formations; the known formations of the Middle 
Jurassic are chiefly marine, those of the Upper Jura chiefly fresh-water. 

If we turn back to the Trias, we find that in the allied Parasuchia 
there were also long-snouted (Mystriosuchus and Ruiiodon) and broader- 
snouted (Belodon) types—^both of fresh-water habitat, but apparently 
less aquatic than Crocodilia; in the allied Pseudobuchia the snout was 
short, and the adaptation to amphibious or fresh-water life; while the 
more distantly related dinosaurs were terrestrial and short-snouted. 
Upon these data, it appears to me more reasonable to suppose that the 
Triassic Mystiiosuchus and Rutiodon, the Jurassic Geosauridao, Teleo- 
sauridse and Metriorhjmchidae and the Tertiary Qavialidse are all inde¬ 
pendent successive adaptations to a fish-eating diet and a more or less 
marine habitat and that the Jurassic Goniopholidse are the source of all 
the modem Crocodilia. This will also relieve us from the necessity of 
supposing that procoelous vertebraj and a number of other identical char¬ 
acters were independently and simultaneously acquired in two phyla of 
diverging adaptation. The accepted view involves the anomaly of asso¬ 
ciating divergent adaptation with convergent structural evolution. 

However this may be, we are justified in assuming certain cliaractcrs 
as primitive among the modern Crocodilia, since they are common to all 
the older types. These are the following: 

1) More complete and consolidated ventral armature. Common to all the 
Mesozoic genera, retained in Diplocynodon of the Buropoan Tertiary and the 
modern Caiman and Oateolcrmua. 

2) A notch instead of a pit in the upper jaw for reception of the lower 
canine. Common to all the short-snouted crocodiles of the Mesozoic and Ter¬ 
tiary, retained in the modem Crocodilm, 

3) Amphicoelous vertebroe. Common to all Crocodilia and related groups up 
to the middle Cretaceous, lost in most Upper Cretaceous and all Tertiary^ 
and modern genera. 

4) Large supratemporal and small lateral temporal fenestrse. The upper 
temporal fenestra is large In all Mesozoic Crocodilia, considerably smaller in 
the gavlals, quite small in Orocoddlus, Alligator and Caiman* 

w® Except Noioauchm of the Patagonian Eocene. 
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6) Posterior nares more anterior in position. In the Mesozoic crocodiles, 
the (ihoanse are situated at the posterior end of the palatines in the long¬ 
snouted groups, while in the short-snouted GoniophoUdte, they have moved 
further baclsward, between the palatines and pterj-goids. In the modern 
Crocodilia, they are still farther backward, entirely enclosed wltiiln the ptery¬ 
goids. ThLs is an adaptation to lying submerged with the nostrils only pro¬ 
jecting above the surface of the water and enables the animal to breathe 
comfortably In this position. It would naturally develop in the slow, omniv¬ 
orous broad-snouted crocodiles and not In the swift-moving flsh-catehlng, long¬ 
snouted types; hence its greater development in GoniophoUdse timo in teleo- 
saurs, etc. The fact that it is fully as much developed in gavials as in croco¬ 
diles is another reason for deriving both from Goniopholld ancestry. 

According to the above criteria, Alligator is the most progressive mod¬ 
em genus.^^® Caiman is primitive in (1); Osteolcemm in (1) and (2); 
Orocodilius in (2) and to some extent in (4); Gavialis and Tomistoma 
are primitive in (4), divergent in adaptation in other respects, so that 
comparisons would be unprofitable. We may conclude, therefore, that so 
far as they go, the Crocodilia accord with the general lines of distribu¬ 
tion of other groups. They ranged much farther north dur ing the Ter¬ 
tiary than they do now; the most progressive modem genus. Alligator, 
has the most northerly range, and the Neotropical Caiman, the West 
African OsUolcsmus and the cosmopolitan tropical genus Orocodilus are 
primitive in one or another respect. The ganals also had a wider and 
more northerly distribution during the Tertiary. 

That the present limits of range are conditioned chiefly by tempera¬ 
ture and climate, and that the much wider range in the early Tertiary 
was due to a warmer climate towards the poles, will hardly be questioned. 
Of previous limitations and expansions of range in the order, due to 
previous secular alternations of climate, there is no adequate evidence. 
The distribution of the more primitive modern genera in widely sepa¬ 
rated parts of the tropics; the occurrence of the most progressive genus 
on the northern borders of the range of the order in two widely separated 
regions, and, finally, the survival in the Eocene of Patagonia of a croco¬ 
dile, Notomclm, of the Mesozoic type which had disappeared from the 
Northern world by the Middle Cretaceous,—these facts point to a north¬ 
ern rather than a tropical or southern center of dispersal for the order; 
but the evidence is slight and far from conclusive. 

I'® R. L. Dltmars, of the New York Zoological Park, has observed that crocodHes ate 
decidedly more active and ferocious animals than alligators. I would not Interpret 
however, as meaning that they are more progressive^ In the sense here used, since the 
adaptation of the typical Crocodilia is not towards an active life. 
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LACEIITILIA 

Lizards are the largest group of the Reptilia, comprising over 1800 
species, mostly of small size. Most of them are active animals, and a 
large proportion are adapted to rocky and desert habitat and arid climate. 
They are more dependent on external warmth than mammals and birds, 
and consequently axe excluded from the colder regions; their means of 
dispersal are perhaps less limited than with mammals, if we may judge 
from their wider distribution, for they do not appear to be of more 
ancient origin. Unfortunately, the rarity and fragmentary nature of 
their fossil remains stands in marked contrast with those of mammals, 
and our evidence as to their evolution and dispersal is chiefly indirect, 
based upon the modem distribution, and is neither conclusive nor con¬ 
vincing. Such as it is, it compares fairly well with corresponding dis¬ 
tribution features among the smaller Mammalia and points to the same 
conclusions. But it emphasizes the importance of occasional over-sea 
transportation as a factor in distribution. Gadow observes^^^ in regard 
to the Geckos, the most cosmopolitan of all lizards: 

^^Althongh not at all aquatic, they are particularly fit to be transported acd- 
dentally on or in the trunks of floating trees, to which they ding firmly, and 
they can exist without food for months.” 

Other groups are somewhat less easily transported in this way, and to 
quote the same authority: 

”It is a most suggestive fact that most of those families of Reptiles, and 
even of other vertebrates which have a wide distribution and are apparently 
debarred from transgressing Wallace’s Une, are also absent from Madagascar.” 

The iguanas are chiefly Neotropical, but they occur also in Madagascar, 
in the Fiji and Friendly Islands and in the West Indies and Galapagos 
Islands, as well as on the American continent. Fossil iguanas are re¬ 
corded from the Upper Eocene and Oligocene of Europe and from the 
Upper Cretaceous and Middle Eocene of the western States. If these 
determinations be correct, they must formerly have been more cosmo¬ 
politan. Their presence in Madagascar is most reasonably explained by 
their former presence in Africa, which is rendered probable by the fact 
that they occur in the early Tertiary of Holarctica, along with various 
mammalian groups which certainly did reach Africa. Their disappear¬ 
ance from the mainland of Africa may bo coupled with the invasion of 
other later developed groups, Zonuxidse, Varanidse, Lacertidse, which 

^ Hans Gadow : Cambridge Natural History, toI. tHI, AmpWtoia and Eeptiles. 1901. 
ante distribution data for llssards and amphibians are mostly based upon this authority. 
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were prevented from reaching the New World by the absence of any land 
bridge or land approximation within their temperature limits. One 
genus of Zonuridse has likewise reached Madagascar. 

Bearing in mind the progressive limitation of northerly range of the 
Lacertilia by the secular refrigeration of the polar regions during the 
Conozoic^ we can see that, if the distribution of land and water has not 
greatly changed except within the 600 feet limit, any families arismg 
during the middle or later Tertiary would be limited to the old or to the 
new world. While the distribution of various lizards in oceanic islands 
compels us to admit that they can cross considerable bodies of water and 
obtain a foothold on an imperfectly populated island area, yet the proba¬ 
bilities of their crossing the whole width of a broad ocean and maintain¬ 
ing themselves against competitors trained in the broad arena of a great 
continent appear to be very much less and almost negligible. Conversely 
then, we may assume that a distribution, such as that of the Scincidae, 
Iguanidse, Geckonidse, Anguidse and Amphisbsenidae, involves the evolu¬ 
tion and cosmopolitan distribution of these families as early as the Eo¬ 
cene. The Agamidae, Varanidae, Lacertidae, Zonuridse, ChamaeleontidaB 
are Old World families, and none are known from the New World. The 
Zonuridae may well be regarded as of Ethiopian evolution; if not, they 
must be a remnant of a very ancient stock. The same may be said of the 
Chamaeleons, except that if Ethiopian they reached as far as India. 
The Lacertidae, the highest, or at least most typical family of lizards, are 
evidently the most recent development; they have not yet reached Mada¬ 
gascar or Australia, and their northern limit is higher than in any other 
lizards. The Varanidae and Agamidae have not reached Madagascar but 
have spread widely through x4ustralia. The evidence from extinct lizards 
is very slight, the remains are scanty and mostly too fragmentary for 
positive family identification. Of the several genera from the Eocene 
and Oligocene of North America, two are positively referable to the worm- 
like Amphisbsenidae, whose present distribution in tropical America, the 
West Indies and Africa is thus partly explained as a remnant of a former 
■wider northerly range and presumably Holarctic. Of the remaining 
North American Tertiary genera, Peltosaums and Qlyptosmrus are re¬ 
ferred to the Anguidse;^^^ the remaining genera are too fragmentary for 
reference or have not been studied.^^® 

^ Babl Douglass : Ann. Carn. Mns., vol. 4 P* 278. 1908. 

^ Tile recorded presence of Igoanldse {IguancvuB) in the Cretaceous and Eooenot whUe* 
not provable, Is not unlikely; that of Oh^tBleon (O. prUUnm) In the Upper Cretaceous 
is improbable and based upon insufflclent evidence; the reference of TMnoBav,ruB (Middle 
Eocene) to the Varanldfie appears to be merely a matter of bibliographic convenience; 
the specimens are probably definitely referable, but the only expressed opinion as to 
their affinities is by Boulenger (1891), who suggests their relationship to the TeUdse. 
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In general, so far as I can judge, the Lacertilia lend no support to 
the theories of transoceanic bridges. Their widespread insular distri¬ 
bution must in some cases, and may in most others, be explained by 
over-sea transportation. They lend some support to late Tertiary eleva¬ 
tions to the continental shelf line so as to include the conlinental islands 
and to a line of separation in the Bast Indies whi(‘h some, but not all, 
were able to cross; those which did succeed in crossing it spread widely 
through Australia, indicating more continental conditions, and also indi¬ 
cating in these families a capacity for crossing marine barriers which 
enabled some of them to reach Madagascar, New Zealand and various 
Pacific islands. 

The ratio of their abundance in regional faunae is apt to be inversely 
to the full development of mammalian life. Where mammals are scanty, 
as in oceanic islands, lizards partly take their place; and this is true of 
some continental regions as well as of oceanic islands. In the typical 
continental fauna, the lizards are largely restricted to desert or rocky 
habitat and are of small size. Yet these last are the most t 3 rpical mem¬ 
bers of the order. They show what its primary adaptation was. Various 
readaptations appear, to fossorial, to aquatic, to arboreal or to terrestrial 
forest life, repeated again and again in different families and causing 
frequent parallel divergencies from the primary typo. This primary 
type, I regard as an adaptation to a Mesozoic arid period. The moist 
uniform climatic phase of the early Tertiary would tend to develop large 
forest living and aquatic forms and restrict and provincialize the more 
typical lizards. During the middle and later Tertiary, the typical lizards 
would expand and multiply in numbers and variety, but, on account of 
their lack of adaptability to cold climate, their evolution was not so 
much a successive series of dispersals from a ITolarctic center, as a 
provincial evolution from the arid centers of the great continents. Such 
A priori hypotheses are of little value, however, except as confirmed, 
modified or refuted by detailed study of the affinities and geographic 
distribution of the genera of each family, chocked by a wider knowledge 
and more thorough study of the fossil forms. Until the fossil Lacertilia 
have been thoroughly studied and their affinities authoritatively esti¬ 
mated, any conclusion whatsoever as to the evolution and distribution of 
the order remains highly hypothetical. 

Dr. QadoVs recent study^^^ of the distribution of Onemidophorus and 
its interpretation is an excellent example both of the value of such de¬ 
tailed studies and the need of carefully distinguishing between what the 

Qadow: Contribution to tbe Study of Bvolntlon based upon the Iktolcan 

Spe<sles of Clnemid(^phorua/* Proc. ZooL Soc. London, voL 1, pp. 27T-875. 1906. 
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data themselves indicate and what is assumed as true from other evidence. 
He concludes,— 

1) That the species are the product of their environmental conditions; 

2) That their dispersal center was in western Mexico, whence they have 
spread northeast as far as Texas and Florida, southwardly into South Amer¬ 
ica, northwestwardly into Lower California; 

3) That the piimitive type was nearest the Texas and Florida species. 

He assumes—endently on some other grounds— 

1) GPhat a great land area stretched out from Mexico far into the Pacific 
during the Tertiary all the way between Lower California and Central 
America; 

2) That the central tableland of Mexico was a vast fresh-water lake during 
most of the Tertiary; 

3) That Cuba was connected with the American mainland during the Oligo- 
cene (this assumption underlies the statement that, since the Floridian Gnemi- 
dophorua did not reach Cuba, its migration must have occurred as late as 
Miocene). 

Ortmann,^^® mviewing this paper, takes, as proven by Gadow^s studies, 
not merely the points actually indicated but also the assumptions which 
are entirely unnecessary to explain the data but which Dr. Gadow evi¬ 
dently feels obliged to take for granted. In fact, these assumptions 
interfere with a reasonable interpretation rather than help it, and aU 
of them are questionable, to say the least. The great Tertiary lake is, 
I suspect, on all fours with tlie vast interior “lakes^^ of the Plains region 
of the United States, which the progress of physiographic and paleon- 
tologic studies have relegated to the domain of myth. The connection 
of Cuba with the mainland of either Horth or South America involves 
the same difiSculties as the connection of Madagascar with Africa. The 
recent discoveries by Dr. de La Torre of a Pleistocene vertebrate fauna 
in Cuba strongly confirm this analogy between the Cuban and Malagasy 
faunae. The existence of extensive land west of the present Pacific coast 
line is an equally unnecessary and improbable hypothesis. On the other 
hand, Dr. Gadow fails to take into account the barrier between North 
and South America which prevented or hindered intercommunication of 
land faunae during a large part of the Tertiary, while it permitted inter¬ 
communication of marine faunse during the Eocene. I am not here 
concerned with its nature but may venture to point out that its bearing 
on the differentiation of species would be important. For, once across 
that barrier, an invading species would find itself in unfamiliar environ¬ 
ment on account of differences in the autochthonic fauna and flora, even 

A. B. Oetmann ; Oeog. Jalirli., vol. xxxi, p. 262. 1008. 
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ttongh. the physical environment were similar. If the rising of the 
Mexican tableland conditioned the dispersal of the genns from that 
center, we can see in this different biotic environment the reason why 
the marginal species in hTorth America should be primitive, while the 
marginal species in South America are highly specialized. In general, 
it would be true that the species of the dispersal center (or those nearest 
to it, where, as in this case, it has become ill adapted for the habitat of the 
race) will be the most proginssive and those of the marginal areas nearest 
the primitive stock. But where the scattering primitive forms, in fol¬ 
lowing the primiti\e climatic conditions, are brought into a new floral 
and faunal environment, this may profoundly modify them and cause a 
rapid divergence and specialization. 

Dispehsal oe Bums 

As a class, birds are extremely diflSicult in their taxonomy. They are 
held closely to type in comparison with mammals, and the differences 
between them are mostly directly and obviously due to adaptation. 
Adaptive parallelism obscures the true affinities to such an extent that 
even at the present day the major classifleation is somewhat uncertain. 
This difficulty is the greater on account of their rarity as fossils. There 
is no reason to interpret this rarity as indicating any lack of abundance 
of birds in the faunas of Tertiary and later Mesozoic time; it is presum¬ 
ably to be accounted for by their generally upland habit, small size and 
the lightness and fragility of the skeleton. The small minority of fossil 
birds which are known from anything more than a few fragments are, 
with two or three notable exceptions, aberrant types—ground-birds, 
marine or lacustrine types, whose habitat facilitated their preservation 
as fossils. By far the most iiotable and instructive of these exceptions 
is Arclimpierya'. 

It has been customary to class the greater number of the ground-birds 
(Eatitaj) as a more primitive sub-class. On a priori grounds, this may 
be correct enough, since it would appear theoretically that feathers must 
have preceded flight, the ability to fly being conditioned by high organ¬ 
ization plus small size, and this would involve a rapid circulation and 
high temperature, which could hardly be attained without a nonconduct¬ 
ing coating over the body. But it appears certain that most, and possible 
that all of the existing ground-birds axe readaptations to terrestrial 
habitat from flying ancestors, and their resemblances are due almost 
wholly to adaptive parallelism. 

Owing to their powers of flight, the dispersal of birds is much lesa 
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limited and conditioned bj’ distribution of land and water or by moun¬ 
tain or desert barriers than is that of mammals. Climate and environ¬ 
ment are much more important factors. Their dispersal is accordingly 
much wider, and this ivS especially true of the more migratory and strong- 
flying types. The general course of their dispersal from the northern 
land masses is in some respects much more obvious than with the Mam¬ 
malia, provided we allow for the extreme imperfection of their geological 
record; but on this account, it is not supported by the mass of direct 
evidence which we have among mammals. 

The most primitive living birds, the penguins, are Antarctic in their 
distribution, and as fossils are known only from the Antarctic Tertiaries, 
where they include gigantic terrestrial adaptations. It is of interest to 
note that the only actually known land vertebrates of the Antarctic con¬ 
tinental area are penguins. If this continent had been united during 
the late Mesozoic and early Tertiary to Australia and South America, 
we should expect to find a fossil mammal fauna, probably highly pro¬ 
gressive and specialized before the spreading ice swept it out of existence. 
We might, indeed, hope to find a few marine adaptations from this mam¬ 
malian fauna still haunting the edges of the Antarctic pack. But in 
fact, the three items which to my mind have a bearing upon early Ter¬ 
tiary conditions in Antarctica all point towards continued isolation and 
obviously parallel the fauna of oceanic islands. These are,— 

1) Gigantic land-penguins in the ? Eocene deposits of Seymour Island 
(also in Patagonia). Compare with the gigantic land birds of various 
oceanic islands, correlated with paucity or absence of land mammals. 

2) The living marine penguins are not readily interpreted as a pri¬ 
marily marine adaptation, but they are very easy to understand as modi¬ 
fied survivors of a group formerly of terrestrial habits, altered to meet 
the present conditions under which alone could life be maintained on 
the Antarctic shores. 

3) The occurrence of Miolmia, as interpreted on page 283, is sug¬ 
gestive of the former presence of giant land-turtles in Antarctica, al¬ 
though not explainable as evidence of former land connections with South 
America and Australia. 

There may be other indirect evidence in the distribution of marine 
Vertebrata and Invertebrata, which, if conservatively interpreted, would 
confirm or di^rove these indications. So far as they go, they suggest 
that ground-birds and land-turtles were the large land vertebrates of 
Tertiary Antarctica as m oceanic island faunae of to-day. 

The distribution of modem land birds is universally interpreted in 
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terms of Northern derivation. Oceanic, desert or mountain barriers 
have been much less efficient in limiting their range, and the efficiency 
of the climatic factor is much more obvious than with mammals. Their 
dispersal from a Ilolaretic center in succebsivc waves of migration is 
indicated by the dominantly Ilolaretic habitat of the highest and latest 
developed gi'oups, by the generally tropical habitat of archaic groups 
often highly specialized, whose ancestors or relatives are in many eases 
known from the Holarctic Tertiary, and by the fact that the southern 
continents are peopled, not by a series of dominant groups corresponding 
to the Holarctic groups, evolved in a common Antarctic center, but chiefly 
by groups of more or less tropical affinities and by a few northern ginups 
which have crossed the tropic barrier. There are many groups of birds 
living to-day in the widely separated tropical regions whose ancestors 
have not thus far been discovered in the Holarctic Tertiary. But they 
correspond, both in distribution and in relative position in the classifica¬ 
tion, with other groups which the geologic record pro\^cs to have origi¬ 
nated by dispersal from Uolarctica, and there is no valid reason for 
assuming any other origin. The geologic record of Tertiary birds is far 
more fragmentary than that of Tertiary mammals and especially in the 
Nearetic region. 

It should further be observed that the perching birds represent the 
primary adaptation from which the various specializations—^terrestrial, 
wading, marine, etc.—^have diverged, and that, in consequence, these 
divergently specialized forms retain various archaic features which have 
been lost by the central group. 

The relations, dispersal and present distribution of birds are thus 
wholly in accord with the principles here set forth. The detailed appli¬ 
cation of these principles is beyond the limits of the present discussion. 

Dispeesal of Am:pitibta 

The modem Amphibia include a few small and for the most part 
highly specialized survivors of a group whose period of dominance dates 
back to the Paleozoic. Of their Mesozoic and Tertiary ancestry almost 
nothing is known. The Stegocephalia, the dominant Amphibia of the 
Permian, were far less aberrant and much nearer to the contemporary 
primitive Amphibia; their interrelationships are still far from being pre¬ 
cisely definable, and, until these are better understood, it is futile to dis¬ 
cuss the evidence which they may furnish as to former geographic crti- 
nections. 

The distribution of the modem Amphibia is often notably discontinu¬ 
ous, and in the absence of evidence from extinct types as to the real 
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origii] of these discontinuous distributions they are interpreted by many 
authors as affording evidence for \ari<)us transoceanic bridges. But they 
arc not essentially different from various instances of discontinuous dis¬ 
tribution among Mammalia, except that they are i)robably in some cases 
of more ancient origin, and are less restricted by ocean barriers. 

The urodele Amphibia are Holarctic, save for one family, Plethodon- 
tidse, which has spread into northern South America and has also reached 
Hayti. Although thus limited in dispersal, they would seem to be an 
ancient group represented as far back as the Wealden by Ilylceohatrachus, 
said to be related to the modem Cryptohranclius^^^ Their distribution 
within Holarctica is more or less of a relict type, broken up by the unfa¬ 
vorable environment of so large a part of this region, especially of the 
central portion. The caecilians are tropical but have not reached Aus¬ 
tralasia. 

The frogs and toads have a wide dispersal, and so far as a superficial 
view may show, the most primitive or archaic families are limited to the 
peripheral continents and oceanic islands, while the more progressive 
groups are more cosmopolitan, but have not yet reached all of the outly¬ 
ing regions. Some of the families, at least, would appear to be of ancient 
origin.; Palceolatraclius, allied according to Gadow^^^ to the Aglossa of 
the Ethiopian and Neotropical regions, is recorded from the Jurassic of 
Spain, and is said to be common in the older Tertiary of Europe. Among 
the modem families the Cystignathidse are chiefiy Australasian and Neo¬ 
tropical, but a few are still foimd in North America. This distribution 
parallels that of the polyprotodont marsupials, except that the latter have 
not reached New Zealand or the Antilles, or entirely disappeared from 
the East Indian islands. The Discoglossidse inhabit the Bast Indies and 
North America but have disappeared from the intervening portion of 
Holarctica; Discoglossiis and other genera are found in the Middle Ter¬ 
tiary of Germany. The Pelobatidss stretch across Europe and Asia and 
northwestern Nortli America. Those three families represent evidently 
three successive dispersals. 

The other families are more cosmopolitan. The genus Bufo has failed 
to reach Australasia, Madagascar or New Zealand, but is replaced in 
Australia by a (more primitive?) member of the family. The HyLidse 
are to-day chiefiy South American and Australian, but a few members 
still inhabit North America. They are not found in ^Africa or the Orien¬ 
tal region, where it seems reasonable to suppose that they have been dis¬ 
placed by the true frogs (Eanidse), peculiarly varied and abundant in 

F. BrohiI, in ZlttePs GrundzUge der Palseont, Vertel^rata, a. 176. 1911. 

GadoW: p. 145. 1901. 
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these regions. The Eanidsp, like the BufonidiBj represent a. less ancient 
dispersal, probably from a southern Palsearctic or Oriental center, since 
they have reached northern Australia on one side and northwestern South 
America on the other, and, while they have reached Madagascar and the 
Solomon Islands, they have failed to reach the Antilles. 

These suggested lines of dispersal are based upon the present distribu¬ 
tion interpreted in accord with the principles outlined in previous pages 
of this article. While the past history of the Amphibia is too little known 



These may he interpreted as due to three successive dispersals from the north. The 
other families of frogs and toads are more widely spread, and their regional abundance 
has conditioned certain pocullariilos in the distributions here shown. 


to confirm them by adequate direct evidence, I believe that good infer*^ 
ential evidence might be oblaincd from a comparison of the progressive 
or archaic characters of the skeleton in the different families. The fossil 
Amphibia afford sufficient evidence to determine the broader lines of their 
evolution and differentiation, although they tell very little about their 
past distribution. The same conditions hold true with regard to the 
fresh-water fishes. 












MATTHEW, CLIMATE AHD EVOLUTION 


297 


Dispersal oe Peesh-water Fishes 

The fresh-water fishes afford many striking illustrations of isolated 
primitive survivals in the southern continents and especially in their 
tropical parts. With marine fishes^ the distribution is wider, as we should 
expect, and the dominant types are generally world-wide in their distri¬ 
bution. Yet, even with marine fishes, a superficial survey seems to show 
the majority of primitive survivals along the southern coasts. 

Fishes are, it is to be remembered, dominantly marine. The wider 
field and more varied opportunities for cleielopment afforded by the 
ocean waters, in contrast with the limited and isolated fields and uncer¬ 
tain tenure afforded by fresh-water rivers and lakes, have conditioned 
this. The fresh-water habitat for aquatic groups of animals stands in 
somewhat the same relative position to the marine habitat as does the 
insular to the continental habitat for land animals. It is the refuge for 
survivors of primitive faunse. And, as in the insular land faunae, we are 
constantly confronted there with the occurrence in widely remote regions 
of archaic types apparently nearly related, whose similarity is partly due 
to independent adaptation to a similar environment, partly to persistent 
primitivism. 

Lepidosiren in tropical South America, Protoptems in tropical Africa, 
Ceratodus in tropical Australia are perhaps the most prominent examples 
of extremely ancient survivals. These are survivors of early Mesozoic or 
even Paleozoic marine and estuarine fishes of world-wide distribution, 
and they have endured, in their tropical refuge, the several successive 
periods of zonal climate which affected the environment of temperate and 
tropical regions. 

More pertinent to the problem in hand are the relationships of early 
Tertiary fishes of the northern continents to the modem South American, 
African (and Australian?) fishes. Here, again, I am compelled to dis¬ 
sent from the interpretations and conclusions of so distinguished an au¬ 
thority as Dr. Eigonmann,^^® who, as it seems to me ignores certain very 
important parts of the evidence. 

There is a marked similarity between certain parts of the fresh-water 
fish faunas of South America and of Africa, Eigenmann and others 
would explain this by a former continental union, but it is certain that 
some, at least, of these now tropical types existed in the northern conti¬ 
nents during the early Tertiary. Eigenmann^^® asserts, indeed, that no 

’^See especially C. H. Bigbvmann: “Presh-water Fishes of Patagonia,” Reports 
Prime. Univ. Exped. PatagonUu vol. ili, parts lil-Iv, 1909-10. 

C. H. BiGENMAv^r' Popular Science Monthly, 1906, p. 623, 
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part of tlie modern South American fresh-water fish fauna is derived 
from Nortli America; but how he reconciles this with the recorded pres¬ 
ence of scAcral of the most typical genera in the Green Eiver Eocene of 
AVyomiiig, I do not sec. 

A few cases in point may be noted, as follows: 

Lcpi(losleu'<, now CVMitral American and southern Sonoran. Abundant 
in all the Eocene formations of the northwestern States, as also in Europe. 

Pliractoceplialus. Anns, etc., now South American, nearly related to 
Blimeastes of the Bridger and Amyzon bods of the western States. 

Osieoglossus of Brazil, Borneo and New Zealand, Yastres and Hetero- 
tis, also southern tY})es, closely related to Dapedoglossus of the Green 
Eiver shales (Eocene). 

The characins, which form so important an clement of the modem 
South American fauna, are, as Eigeimianii holds, largely a local expan¬ 
sive radiation conditioned ])y the immense ramifying river-systems of 
that continent. But, considered in their more general relations, they are 
a primitive group, the northern eyprinids being a higher and later de¬ 
velopment. 

The catfish, which in tlic North have the characteristic's of a disappear¬ 
ing group, are numerous and dominant in South America. Eigenmann 
calls attention to the paucity of the Patagonian fauna and its apparent 
relations to that of New Zealand and Australia (Galaxiidse and Ap- 
lochitonida?). He does not, however, attach any great weight to this as 
evidence for a former Antarctic connection, regarding it as ^Tiighly tlieo- 
retical and precarious’^ so far as the fresh-water fish are concerned—^but 
^^The evidence from other sources of a former land connection has be¬ 
come conclusi\e.” I might observe here that many students in other 
groups are equally doubtful of the conclusivcnoss of the evidence for 
Antarctic connections in the groups with which they are familiar, while 
equally reacl^y to ac-cept as conclusive the evidence in groups with which 
they are not familiar. 

As regards a connection of tropical Africa with tropical South Amer¬ 
ica, Eigenmann is much more positive, basing it mainly upon the chara- 
cins and eichlids, common to both continents. There is no species or 
genus common to the two continents. Both families are relatively primi¬ 
tive, as compared with iiortheni related groups. As regards their former 
presence in the northern world (which Eigenmann does not allude to) or 
their parallel adaptation from marine forms of Cretaceous or early Ter¬ 
tiary time, there is little satisfactory evidence. Nevertheless, the fact 
that they represent an adaptive divergence from an intermediate and 
more primitive type ancestral to carp and catfish is a suggestive one. 
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If now we compare the general relations of tropical fresh-water fishes 
with those of the North, it will appear very clearly that the highest and 
latest in appearance of the several groups are still limited to the northern 
world, and that, in the tropics, more primitive groups exist, many of 
them known to be former residents of the northern world, others much 
nearer to known or inferred ancestral groups than are any members of 
the present northern fish fauna. Where the environment favors, some of 
these groups have branched out into an immense variety and number, far 
exceeding what is knowm in the colder north. But they are distinctly 
less progressive. In the southern continents, we meet with some remark¬ 
able parallelisms to the dominant types of the North, very suggestive at 
first of Antarctic connections, but probably explainable (as in Oalaxias) 
in other ways. These groups impress one as highly progressive, although 
less so than the northern groups; but they do not appear to have con¬ 
tributed materially to the tropical faunae. 

In some respects the fresh-water fishes present nearer analogies to the 
birds than to mammals in their distribution; and this is no doubt con¬ 
ditioned by their less strict limitation to land connections for their mi¬ 
gration, and to the greater antiquity of the class. 

General Considerations on the Distribution of Invertebrates 

AND Plants 

It would be unwise to attempt any survey of the paleogeographic data 
afforded by invertebrates and plants. Lacking both the special knowl¬ 
edge necessary for a critical consideration of the data, and iho time neces¬ 
sary to make even an adequate compilation, it would add nothing to the 
argument. AMiile, for reasons already given (page 212) y placing most 
weight on the evidence obtainable from mammals, I fully recognize the 
importance and variety of evidence outside the Vertebrata, and the force 
which attaches to cumulative evidence from several independent sources. 
At the same time I must express a strong conviction that the sources are 
not really independent, and that concordant results in several groups 
which flatly contradict the results obtained by a study of mammals, can 
only indicate one of two things. Either the interpretation of the evi¬ 
dence among the Vertebrata is incorrect or there are factors of error 
common to the interpretation of the several other groups which accord 
in their disagreement. What these factors may be, I have already indi¬ 
cated and have attempted to show that they account for discordant results 
based upou the distribution of the lower vertebrates and interpreted as 
involving radical changes between continental and abyssal regions which 



300 ANNALS NEW YORK ACADEMY OF SCIENCES 

are highly improbable, to say the least, from a geological point of view, 
and which are not merely unnecessary but apparently impossible when 
we attempt to explain the distribution of the higher vertebrates in accord¬ 
ance with them. 

It is true tliat the evidence against such changes in pre-Tertiary times 
is less weighty, and that it diminishes further in the older periods of 
geologic time. And the antiquity of many groups of invertebrates, 
especially of land invertebrates, makes it impossible to limit the hypo¬ 
thetical land bridges which their distribution is supposed to require, to 
the Tertiary or even the Mesozoic. The permanency of Uie ocean basins 
in the older geologic epochs is beyond the limits of this discussion. 

So far as a superficial acquaintance shows, the general distributional 
relations of most land invertebrata and of plants appear to me to accord 
with those of the mammalia. Primitive and archaic^^® types abound 
chiefly in the tropics. The most progressive and dominant types are 
Holaretic. The southern continents show common groups suggestive of 
an Antarctic radiation, but which may, like the marsupials or the chryso- 
chloroid insectivores, be remnants of formerly cosmopolitan groups whose 
resemblance is due rather to persistence or to parallel evolution under 
similar climatic stimulus than to such close afiinity as would involve 
Antarctic continental connections. 

Where, as in the earthworms, we have no knowledge at all of their past 
distribution, it is impossible to test this interpretation of their present 
distribution; nor in such a group does it seem possible to estimate how 
much and in what manner slow progressive climatic change might affect 
their structural evolution, although climatic conditions are evidently 
important in controlling their range. 

The point tliat I desire to emphasize is that, if such an interpretation 
as I have suggested be possible, it should be accepted in preference to 
one which would involve such unexplainable diflScnltios in the distribu¬ 
tion of the higher animals and such improbable physiographic changes. 
NTo hypothesis can be finally accepted that does not confoim to the facts 
of distribution in all gi'oups of animals and plants. It is not a matter 
of preponderant evidence. Every anomaly must be explained, every dis¬ 
tributional fact must be interpreted in accord with the rest, before we 
can consider theories of paleogeography as conclusively proven. It is 
not sujBScient that the evidence in one group or in ten groups has been 
interpreted on concordant lines, so long as there remains an eleventh 
group which cannot be so interpreted. But, pending a final agreement 


Archaic Is xised in the sense of divergently specialized hut little progressive. 
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in our deductions from the evidence afforded by the various classes, it 
appears to me that we should hold to conservative views rather than 
adopt hypotheses of continental relations so much at variance with gen¬ 
erally accepted geological principles and inferences. 

To illustrate the point that these discrepancies are a matter rather of 
interpretation tlian data I may venture to discuss one or two instances 
among invertebrates prominently used in paleogeography. 

IKTERPUETATION OF DISTEIBUTION DATA OF OBATFISH 

I am indebted for my data on this interesting group to Dr. Ortmann^s 
valuable discussion of the geographical distribution of fresh-water 
Decapoda .^21 »phe interpretation, however, which I would place upon 
the facts differs widely from his. 

As Professor Huxley has observed, the real difficulty in explaining the 
distribution of the crayfish is in their occurrence in the north and south 
temperate zones, separated by a wide tropical belt in which none now 
occur or are known to have occurred in the past. Two explanations offer 
themselves: 

1) Independent adaptation from marine types in the northern and 
southern hemispheres. This would involve either former Antarctic con¬ 
nections or independent adaptation also of the several southern groups 
from marine t 3 rpes. 

2) Former cosmopolitan distribution of crayfish, with subsequent dis¬ 
appearance from the tropical belt and differentiation of the isolated south¬ 
ern groups and of the more progressive northern groups. 

The latter view is generally accepted, and seems to me more consonant 
with the facts of distribution, e. g,, presence of crayfish in Madagascar, 
while they are absent from South Africa, I am unable to agree with 
Dr, Ortmann that crayfish on oceanic islands necessarily involve a former 
land connection, since such land connections as he finds it necessary to 
postulate would apparently involve the presence on these islands of con¬ 
tinental faunsB which are not now present, and whose absence cannot be 
reasonably accounted for. For the reasons already presented I see no 
difdculty in supposing that the crajrfish of Cuba, Madagascar, ITew 
Zealand or Fiji have reached those islands ‘by accidental transport of 
natural "rafts’^ through the agency of ocean currents, or by other acci¬ 
dental means. The Australian and South American crayfish I should 
regard as derived from the north, by way of the existing or slightly sub- 

“I A. B. Ortmaxx ; “Geographical Distribution of Fresh-water Decapods and Its Bear- 
Ing upon Ancient Geography,” Proc. Amer, PhlL Soc., vol. xll, pp. 267-400. 1902. 
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merged land bridges, at a time when the northern crayfish were much 
more primitive than now, and when, for reasons which I do not venture 
to suggest, the tropics were a more favorable environment than now. 
The northern crayfish have since evolved into Potawohiub and Camharus, 
the southem specialized into the more divergent Parasiaevs of South 
America, Cheraps and Eugems and Astacopsis of Australia and Tasmania, 
Paraneplirops of New Zealand and ? Fiji and Astacoides of Madagascar. 

Of tliese southern genera, Astacoides is the nearest to the northern 
types. This is to be expected, if the southern genera are remnants of a 
cosmopolitan distribution derived by dispersal from the north; for the 
Malagasy genus would be a derivative from Ethiopian crayfish, which 
would be less remote from the north, and would be correspondingly more 
advanced than in South America or Australia. As far as the more 
special distribution of the northern crayfish is concerned, Dr. Ortmann^s 
paper affords data for the following interpretations. 

Two genera are concerned, Camharm of the eastern Sonoran region, 
and PotamoUus {Astacus of most authors) of the Old World and western 
Sonoran region. 

In his discussion of the genus Camharus Ortmann states that the 
more primitive forms of the first, second and fifth groups belong chiefiy 
to the south towards Mexico, and interprets this as meaning that the 
genus came from Mexico. But, according to the principles here adopted, 
this should mean that the center of dispersal is to the north and east; 
and the discontinuity in range to the south and west is exactly what we 
should expect. Dr. Oitmann’s attempt to find an explanation for it on 
the opposite theorj" of migration being curiously complex and unconvinc¬ 
ing, The most primitive species occur in such widely divergent points 
as Mexico and Cuba. 

The more primitive genus Poianiohiiis has a more discontinuous range, 
in Europe, part of Eastern Asia and Western North America, the Asiatic 
species being nearest to Cdmlai^ (t. e., highest in development) but 
parallel, not tnaly closely related. This, I take it, is correctly Interpreted 
by Ortmann as indicating an Asiatic center of dispersal for this genus* 
But in place of supposing with Ortmann that Cambarus originated from 
species of Potamobius puslxing down southward into Mexico and thence 
northward again (as Cambarus) into the United States, it seems to me 
that the rational explanation would be to suppose that both genera are 
the disconnected remnants of a formerly Arctic center of dispersal. This 
would be first split in two by a progressively unfavorable environment, 
one division passing down into America east of the Cordilleras, and 
developing into Cambams, the other part in Asia progressing more 
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slowly into Polamohius and spreading east and west from that center, 
as the American group spread southward. 

niSTEIBUTION OF HELIX HOETENSIS 

Dr. Scharff^®® regards the distribution of Helix hortensis as an im¬ 
portant part of the evidence in favor of a late Cenozoie bridge connecting 
Europe with eastern ISTorth America. The species is well known in 
Europe and has always been regarded as indigenous there. It occurs 
along the JTorth Atlantic coast, and in Labrador, Greenland, Iceland and 
the Shetland and Faroe Islands. It was formerly considered as intro¬ 
duced on this side of the Atlantic by human agency; but it has been 
found in old Indian sliell-mounds and more recently in undoubtedly 
Pleistocene deposits in Maine. It is unkno^vn in Asia or western North 
America. Hence, Dr. Scharll concludes that it must have migrated from 
Europe to America across a land bridge via Iceland and Greenland in 
Pliocene or Pleistocene times. 

The early opinion that Helix horiensis is an introduced species in this 
country was founded, so far as I recall, mainly upon the peculiar local 
range and habitat of the species, very different from the truly indigenous 
New England land-snails, and my early experiences in land-snail collect¬ 
ing m southern New Brunswick were quite in accord with this evidence. 
It is quite possible that Helix hortensis, like the genus Equvs, is both 
introduced and indigenous. 

Granting that it is at least partially indigenous, what evidence is there 
that the present distribution is not the remnant of a Tertiary circumpolar 
distribution? The fact that it is not recorded in the Tertiary of Asia? 
But what proportion of the presumably abundant Miocene or Phocene 
land-snails of Asia is known to* us? It can only be a minute fraction 
at the best—less than one per cent. So the chances are a hundred to one 
that if Helix horiensis or an ancestral form of the species existed in the 
Tertiary of North Asia, we should have no record of its existence at 
present. We do, however, have a good deal of indirect evidence that an 
environment favorable to the present habits of the species existed during 
the later Tertiary in the region intervening between its present discon¬ 
tinuous distribution areas, and that the environment became unfavorable 
in that intervening region at the close of the Tertiary, I can see no 
need for assuming a transatlantic land bridge to account for the distribu¬ 
tion of this species. And the explanation here suggested is in harmony 
with the known course of distribution of those members of the northern 

““ B. P. ScHURPF: Upoc. Eoy. Irlsli Acad,, vol. zzrlil, p. 19. 1909. 
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land fannse whose past history is preserved to ns in the geologic record. 
It involves only those minor changes of continental level (a few hundred 
feet) of whose occurrence during the Pleistocene we have ample evidence. 

On tlie other hand, if we assume such a Transatlantic land bridge 
duiing the late Tertiary we must suppose an elevation of upwards of 
five thousand feet, a huge disturbance of the isostatic balance of whose 
possibility we have no real evidence; for the submerged channels so often 
cited in support of these immense uphfts have been shown by Chamberlin 
to be much more probably due to “continental creep," to the slipping 
down, so to speak, of marginal sediments to a lower level.“® In any 
case, there could be no evidence as to the period at which these old 
channels were last above water. They may have been submerged since 
the Permian, for aught we know to the contrary. Furthermore, we have 
to explain the non-migration of a multitude of forms which got just so 
far as conservative land elevations could carry them, but no farther. 

DISTKIBXTTION OF PEEOIDiE 

Another instance upon which Dr. Scharfi lays great stress is the dis¬ 
tribution of the perches. Here, the false impression produced by the 
use of a Mercator’s projection map in plotting the distribution of north¬ 
ern forms, seems to me to be very obvious. This map does not give the 
northern regions in their true proportions or relations. Transferring 
the distribution of this family as plotted by Tate Eegan, to a north polar 
projection map we get the real relations and proportions with approxi¬ 
mate correctness. It then becomes obvious that the perches are centered 
around the drainage basin of the Arctic ocean. In Horth America they 
have extended down the Atlantic coast drainage area and into that of the 
Gulf of Mexico as far as the Eio Grande. In Asia they have been ad¬ 
mitted by the old Hyrcanean Sea into the present Caspian and Aral 
basins; and a glance at the late Tertiary geography of Europe will show 
how tiiey have reached the drainage basin of the northern Mediterranean. 
They are not now found in the Arctic drainage area of western North 
America, Greenland or Iceland, where the environment, now or in the 
Pleistocene, is amply sufficient to account for their extinction. What 
need of a transatlantic land bridge to account for this distribution. 

1** There Is another possible explanation. The progressive building out seaward of 
barrier reefs around a number of separate centers until they Joined into a platform 
would naturally leave deep intervening channels, especially off the mouths of great rivers 
where the Influx of mud and fresh water hindered the growth of the coral organisms. 
The submarine contours around the West Indian islands especially suggest this explana¬ 
tion, which I offer tentatively for the consideration of my better-versed confreres. 
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A foiirth instance cited by Dr. Scharff is the distribution of ihe river- 
mussel Margantana, and as he well observes, numerous other instances 
would probably show similar discontinuous distribution. But, so far as 
I have been able to find such instances, the same reasoning and the same 
explanation apply to them all. 

Cbiticism of Some Opposhtg Hypotheses 

It is not practicable to take account here of the flood of paleogeo- 
graphic discussions of recent years which have advocated all sorts of 
consistent or inconsistent changes in continental outlines. They agree 
for the most part in failing to take into account certain considerations 
which to my mind are essential elements in any problem of distribution. 

Among the geological considerations are the following: 

1) Evidence that the present distribution of the deep ocean basins is 
in the main due to isostatic balance. This affords a strong presumption 
in favor of its permanence. 

2) Absence of abysmal deposits in the geological formations of any 
continental region. Chalk deposits are not an exception, as it has been 
shown that they were deposited in shallow epicontinental seas rather than 
in deep oceanic basins. 

3) Abrupt ending of an elevated line of disturbance and its continua¬ 
tion as a submerged line of disturbance does not necessarily indicate that 
the submerged portion was formerly elevated, although it does reduce 
the improbability of its former elevation by indicating a line of dis¬ 
turbance and hence of possible elevation. 

4) The presence of marine formations of Cretaceous or Tertiary age 
over large portions of the interior of the great continents does not indi¬ 
cate that these continents first came into existence as such during the 
Cretaceous or Tertiary. In the better known portions of the earth’s 
surface we know well enough that these marine formations were due to 
periodic temporary submergence, interrupted by periods of more or less 
complete emergence. It is but reasonable to apply the same explanation 
to the less known regions. I see no more reason to suppose, as do Von 
Ihering, Scharff and others, that South America first came into eTria tAncft 
as a united continent in the Tertiary, than to conclude on aimtlar evi¬ 
dence that North America was but a group of isolated land masses until 
the end of the Cretaceous. In this country, we have positive proof of 
its antiquity; but the evidence for recent origin of the South Awiftrican 
would apply just as well to the North American continent A HiTnilm- 
presumption of antiquity applies to Australia, Asia and Africa. 
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Among zoological considerations we may mention the following: 

1) The discontinuous distribution of modern species is again and 
again taken as proof that the regions now inhabited must have been con¬ 
nected across deep oceanic basins, without considering the possibility that 
it is a remnant of a wider past distribution, or that it is due to parallel 
evolution from a more primitive type of intermediate distribution, now 
extinct. Yet so many instances are known where the geological record 
has furnished proof that one or other of these explanations applies to 
cases of discontinuous distribution, that it would seem that these ought 
to be the first solutions of the problem to be considered, and that in view 
of the known imperfection of the geologic record, mere negative evidence 
is not sufficient to cause them to be set aside. 

2) No account is taken of faunal interchanges often much more ex¬ 
tensive, which would presumably have taken place if the land bridges 
assumed had existed, but which have not taken place. It may here be 
urged that this too is negative evidence. But the negative evidence de¬ 
rived from an appeal to the geological record is weak, not per se, but 
because of the demonstrated imperfection of this record. On the other 
hand, there are many instances where a land bridge is well proven, and 
in these cases it is not a few scattered exceptions but an entire fauna 
that has migrated, subject only to the restrictions imposed by climatic or 
topographic barriers of other kinds. 

I may venture upon a discussion of a few instances in order to show 
the type of objections which appear to me to apply to much of the evi¬ 
dence cited in favor of most of these transoceanic land bridges. 

OiT Vain SpecuTjATIons 

According to some distinguished paleontologists,^®^ progress is to be 
made only by ignoring the possibility that races have originated in or 
migrated from regions of whoso former life wo have substantially no 
record, and assuming that they must have evolved in one or another re¬ 
gion where the record is more or less known, and that the actual record 
must be the sole basis for any couclusions. They refuse to consider the 
arguments for origin elsewhere, on the ground that such hypotheses are 
'^vain speculations” and "serve merely to conceal our ignorance.” 

To this I may answer that a fair and full consideration of the data at 
hand shows that such hypotheses, of one kind or another, are absolutely 
necessary, unless we are to abandon all belief in the actuality of evolution 
and are to treat it as merely a convenient arrangement of successive ape- 


^Dep^ret, and others. 



MATTHEW, CLIMATE AND EVOLUTION 307 

cies and faunas independently created. Such a view was held by Agassiz 
and most of his predecessors, but it is unnecessary to consider it in the 
present state of scientific belief. 

If, on the other hand, we accept the belief that the successive species 
of each phylum are genetically related, how are we to explain the fact 
that these phyla are usually approximate and not direct, and that where 
the evidence is most complete, the fact that they are not in a direct line 
of structural evolution stands out most clearly. Take for example the 
ancestry of the horse, the most striking, easily recognizable, widely known 
and thoroughly studied illustration of mammalian evolution. It was 
possible, when the ^^documents” were few and imperfect, to trace a sup¬ 
posedly direct line of ancestry through European predecessors. Later, 
when the fossil fields of the western United States were first explored, a 
much more direct line of ancestry was found in this country, and the 
European series was recognized as not being the direct line. But the 
further progress of exploration in America, and tlie discovery of complete 
skeletons of the supposed ancestral stages known at first only from frag¬ 
mentary specimens, has demonstrated that this line too is an indirect and 
approximate series so far as the succession of the known species is con¬ 
cerned. This has been recognized in recent years by American students, 
and variously phrased or interpreted. The most probable explanation of 
the facts is to suppose that the known phylum is approximate, not direct; 
that the direct line of descent leads through unknown or imperfectly 
known species, and that those known to us are offshoots of varying close¬ 
ness. The direct line is, then, admittedly through hypothetical species, 
and the only question is whether the habitat of these species was in the 
regions where we have searched vainly for their remains, or in the much 
greater intervening region where we have not searched. Horses are found 
throughout the Tertiary in central and western Europe on the one hand, 
on the Western Plains of America on the other. There is every reason to 
believe that they inhabited all or parts of the intervening region and we 
have no right at all, in weighing the evidence, to refuse to take this re¬ 
gion into consideration, on the plea that it has furnished no ^‘^documents^' 
as yet. To place such limitations on our theories would hardly tend to 
solving our pr(>])lonis, however much it might seem to simplify them. It 
is merely to prefer a conclusion that we know to be false to a conclusion 
that we cannot prove by direct evidence to be true. 

What I have stated in regard to the fossil ancestry of the horse applies 
to most mammalian phyla, in greater or less degree according to the per¬ 
fection and number of our "documents " Where these are few and frag¬ 
mentary, it is stiU possible to build up phyla which cannot be proven to 
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be inexact. But, as knowledge increases and becomes more exact, these 
phyla arc more and more broken and complex, and direct genetic series 
become more limited in extent. This is to be expected, lor the regions 
which np to date have been at all thoroughly explored arc but a small 
fractKni of tlic area which the group concerned must have inhabited. 
And on a j)rion grounds, the chances are greatly against the particular 
species which was to become dominant inliabiting the particular regions 
which we have explored. 

Professor H. P. Osborn has very well expressed the conditions o£ evo¬ 
lutionary progress by stating that each group is highly polyphylotic, con¬ 
sisting of numerous subphyla evolving along more or less parallel lines. 
But we are hero concerned less with the disentaglement of the subphyla 
of a group than with its dominant center of dispersal as a whole. And 
from this point of view it seems to me misleading and erroneous to as¬ 
sume that it must have migrated only from one to others of the regions 
where its remains have actually been fomid, instead of attempting to 
locate from the indirect evidence available the true center of dis])crsal. 

In contrast with the views here criticized, I may venture to quote from 
an address in which Dr. Stehlin^^® has recently summarized the phylo¬ 
genetic results of his monumental studies upon the Eocene fauna of Eger- 
kingen, a work of extraordinary thoroughness and ability which, as a 
recent review'er observed, has involved a revision of the entire Eocene 
mammal fauna of Europe: ^^AYliere then dwelt these yet unknown herds 
of mammals evolved during the Eocene, whose existence is recorded 
through their influence upon Europe and North America the more clearly 
as we analyze more closely the data obtained in these continents? We 
can scarcely be wrong if we look to the huge continental mass of Asia, 
still almost unexplored by the paleontologist. The future, and, it may be 
hoped, the near future will show how far our present anticipations are 
correct/' 

Summary of Evidence 

The geologic evidence for the general permanency of the abyssal oceans 
is overwhelmingly strong. The continental and oceanic areas are now 
maintained at their different levels chiefly through isostatic balance, and 
it is difBcult to believe that they could formerly have been reversed to any 
extensive degree. The floor of the ocean differs notably in its relief from 
the surfaces of the continents, and only in a few limited areas is the relief 
suggestive of former elevation above sea-level. The continental shelf is 

G. Stdhlin : Verb, Schw. Naturf. Gasell., 98 JaliresTersammlung, Sept. 1910* 
P. 29 of separata. 
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SO marked, obvious and imiverbal a feature of the earth’s surface that it 
affords the strongest kind of evidence of the antiquity of the ocean basins 
and the limits beyond which the continents have not extended. The 
supposed evidence for greater elevation in the erosion channels across its 
margin have been shown to be better interpreted as due to ^^continental 
creep.” The marine formations now found in continental areas have all 
been deposited in shallow seas. Ko abyssal deposits have ever been cer¬ 
tainly recognized among the geologic formations of the continental plat¬ 
form. 

Leaving out of consideration speculative hypotheses as to a formerly 
smaller amount of water on the surface of the globe, shallower ocean 
basins in Paleozoic times and different land and water distribution in the 
older geological periods, it is sufScient for the purposes of this discussion 
to emphasize the great weight of geological and physiographic evidence 
for the permanency of the continental masses as outlined by the conti¬ 
nental shelf, during tlie later geological periods, and especially during the 
Tertiary. 

The present distribution of continents and oceans on the surface of the 
globe (as outlined by the continental shelf) consists of a great irregular 
northern mass including Europe, Asia and North America, with three 
great partly isolated projections into equatorial and southern latitudes, 
South America, Africa and Australasia, and a smaller Antarctic land 
mass wholly isolated. The three peripheral continents are isolated from 
each other and from the Antarctic land by broad and deep oceans, but 
with the doubtful exception of xA-ustralasia, are united to the central mass 
by shallow water or restricted land connections. 

A rise of 100 fathoms would unite all the continents and continental 
islands, except perhaps Australia, into a single mass, but would leave 
Antarctica, New Zealand, Madagascar, Cuba and many smaller islands 
separate. A further elevation of five times this amount would not alter 
materially the boundaries of land and sea. A submergence of 100 fath¬ 
oms would isolate the three southern continents, and cause shallow seas 
to spread widely over the interior of all the continental masses, reducing 
some of them to isolated fragments or archipelagoes. 

Such cyclic alternations of emergence and overflow are recognized by 
many geologists as the dominant feature of the earth’s history, corre¬ 
sponding to the succession of periods into which geologic time is divided. 
The greater disturbances resulting in folding, faulting and moxmtain 
making, while involving much greater changes of level, affect more lim¬ 
ited areas, adjacent to lines of unstable equilibrium, especially along the 
borders of the continental platforms. 
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Associated with these great cycles of elevation and submergence are 
climatic cycles from extremes of cold or arid zonar climates eubninating 
in glacial epochs, to the extremes of warm humid uniform climates which 
accompany or follow the extremes of submergence. 

The effect upon terrestrial life of progressive elevation of the land 
areas, accompanied by a progressively cold climate at the polos and arid 
climate in the interior of continents, would be to adapt the terrestrial 
life to cold, arid and highly variable climatic conditions. The environ¬ 
ment favorable to this adaptation will appear first near the poles, and the 
northern and southern faunae will be more progressive and will tend to 
disperse towards the equatorial regions. The wider area of emerged con¬ 
tinents will tend to expansive evolution of the laud faunae, and their 
union into a single land mass will facilitate cosmopolitan distribution. 
Owing to the conformation of the continents the dispersal will be chiefly 
from the Holarctic region, the Antarctic and southern lands being unfa¬ 
vorably situated for the evolution and dispersal of dominant races and 
contributing but little to the cosmopolitan faunae of the emergent phase. 
These conditions are also favorable to the development of higher, more 
active and more adaptable types of terrestrial life, which tend to supplant 
even in moist tropical regions the less adaptable remnants of the tropical 
faunae which find there their last refuge. 

During the opposite phase of the cycle, the faunae become progressively 
readapted to the moist tropical climatic environment. But owing to the 
higher evolutionary stage .acquired during the arid phase, the higher and 
dominant types of the new faxma are evolved chiefly by readaptation of 
the dominant types of the arid phase and only subordinately by expansive 
evolution of the tropical fauna surviving through that phase. 

The paleontologic record appears to be in exact harmony with these 
principles, provided due allowance be made for its imperfections. The 
geographic distribution of animals and plants affords far more complete 
data, but their true significance has in my opinioji been misinterpreted 
by many zobgeographers. ■When interpreted in harmony witli the prin¬ 
ciples of dispersal shown to be true among mammals, they yield fully 
concordant results. The geologic record is to-day far more incomplete 
than is generally admitted, and will always be incomplete. Negative evi¬ 
dence, while sometimes of high value, is more often worthless and should 
never be admitted without a careful canvass of the situation in each 
instance. 

The population of oceanic islands is notably incomplete and cannot be 
interpreted as due to continental connection. The difficulties in the way 
of over-sea transportation are best explained by the hypothesis of natural 
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rafts; the degree of i)robability that attaches to this hypothesis is esti¬ 
mated. 

The dispersal of mammals is then considered at some length, order by 
order, and it is shown to accord Mly and in detail with the principles 
here set forth, and to be impossible of explanation except upon the 
theory of permanence of the ocean basins during the Cenozoic era. Wliile 
the prominence of the Holarctic region as a center of dispersal is ascribed 
to its central position and greater area, some evidence is given to show 
that climate is also a factor in the greater progressiveness of the northern, 
since it is also noticeable in the southern as compared with tropical faimss. 

The distribution of the Eeptilia a])pears to be in conformity with the 
principles here outlined, and extends their application to the Mesozoic 
era. The distribution of birds and fishes and of invertebrates and plants 
is probably in accord with the same general principles, modified by differ¬ 
ences in methods of dispersal. The opposing conclusions that have been 
drawn from the distribution of tliese groups are believed to be due to an 
incorrect interpretation of the evidence. A few instances, which have 
been prominently used to support opposing conclusions, are analyzed and 
shown to conform to the conclusions above set forth, if interpreted upon 
similar lines as the data for mammalian distribution. 

Appendix 

Since this paper was written two very readable and instructive books 
on geographic distribution have appeared, ^T?he Wanderings of Animals"^ 
by Professor Gadow,^^® and ^TDistribution and Origin of Life in America” 
by Professor Scharff,^*^ Both writers, and especially Doctor Scharff, be¬ 
long to what may be called tlie bridge-building school of paleogeography, 
and the general criticisms expressed in the earlier part of this article 
apply largely to their interpretations. It is with no intent to depreciate 
their value that I observe that there are numerous errors of fact in those 
portions of the evidence with which I am best acquainted, for in a subject 
of so wide a scope most of the evidence is necessarily compiled and not 
very well understood, and errors more or less essential will slip in. It is 
for that reason that I have avoided detailed discussion of the parts of 
the evidence on the present subject with which I am not well acquainted; 
and, in spite of a good deal of cheeking and revision, I have no doubt 
that the foregoing discussion contains various inaccuracies. 

^ Hans Gadow : *'The Wanderings oi Anlxnals.*’ Cambridge Manuals of Science and 
Literature, No, 64. 1918. 

F. Schaefp: Distribution and Origin of Life in America, Macmillan Co., pub¬ 
lishers, New Torh. 1912, 
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A more serious criticism is the illegitimate and often partisan use 
made of negative evidence. This is doubtless due to the same cause, a 
mere book knowledge of the fossil i*ocord, and failure to examine and 
weigh its evidence. But it is very obviously affected by a readiness to 
rely on negative evidence that favors their theories and to ignore a vastly 
greater amount of negative evidence that does not. 

Dr, Gadow considers it ^^awkward” for the theory of Holarctic dis¬ 
persal of the marsupials in the Cretaceous that no survivors have been 
recorded in the Tertiary of Asia. He prefers to believe that the Aus¬ 
tralian marsupials arrived via Antarctica from South America. If it is 
^^awkward^^ for the one theory, that although survivors are found in the 
early Tertiary of both Europe and Horth America, none have been found 
in Asia, then it must be equally ^^awkward” for the theory that Dr. 
Gadow supports that none have been found in Antarctica. For we know 
even less about the early Tertiary of Asia than we do about the Antarctic 
Tertiary. If the absence of zalambdodont insectivores in the Eocene of 
Europe is to be assigned any weight, then equal weight should be assigned 
to their absence from the Oligocene and Eocene of South America and 
from the Pleistocene of Cuba, of Madagascar and South Africa. We 
know as much about the one fauna as we do about the others. The 
negative evidence has no weight in any of these instances; per contra, 
the fact that zalambdodonts are known to have lived in the early Tertiary 
of North America (Paleocene to Oligocene) affords a presumption of 
their presence in the nearly allied early Tertiary faunas of Europe, just 
as their presence in the recent faunas of Madagascar and South Africa 
and in the Miocene of South America affords a presumption of their 
presence in the nearly allied faunas which immediately preceded them. 
Equally, the presence of marsupials in the early Tertiaiy of Europe on 
one side of Holarctica and of North America on the other side raises a 
strong presumption of their presence in the intervening region of Asia 
from which no fossils are known. They are not found in the laier Ter¬ 
tiary of Europe and America, so that we should not expect to find them 
in tile later Tertiary of Asia. On the contrary, the small fragment of 
evidence that we have as to the Tertiary fauna of Antarctica affords a 
slight presumption against the presence of mammals on that continent. 

Doctor Gadow’s statement that the Chiroptera did not reach America 
until the Pleistocene is another curious instance of the misuse of the 
fossil record, which no one familiar with the character of our Tertiary 
formations and the necessary limits of the fossil faunas would be likely 
to make; nor would am^one acquainted with the variety and specializar 
tion of the New World genera be inclined to believe that it was all the 
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result of post-Plioceue immigration and differentiation. Most of the 
creodonts, he informs us, ^^died out with the Eocene or rather they were 
modernized into the typical Carnivora in various parts of the world. 
Some, howe^^er, kept on to almost recent times as highly specialized 
creodonts, e, g, the sabre-toothed tigers: Nimravus in Xorth American 
Oligoeene; Machoirodus from Miocene to Pleivstocene in Europe and 
Asia, whence in the Pleistocene it appeared as Smilodon in America. 
. . It is perhaps unnecessary to point out that the machaerodonts 

were not creodonts but typical Carnivora of the family Felidae, and that 
their evolutionary series is fully as complete and progressive in the 
hfearctic as in the Palaearctic record. I may also note that ^"^small swine^^ 
(meaning I suppose the primitive bunodont artiodacMes from which 
both pigs and peccaries are derived) appeared in North America quite 
as early as in Europe; that the genera Procamelus and Plimchenia do 
not mark the splitting of the CamelidsB into camels proper and llamas; 
that Dorcatherium is not identical with ''Hyomoschus'' {Hycemoschus) 
and is an older name; that Arsinoitherium is not a pair-homed dicera- 
there but is a representative of a distinct order of mammals; that the 
precise relations of the American Eocene tapirs have yet to be deter¬ 
mined; that Protapirus does not first appear in the Lower Oligoeene of 
Europe but in the Mid-Oligocene of Europe and North America; that 
there is no reason to believe that the European Paratapirus is more di¬ 
rectly in line of descent of the later tapirs than is the so-called Tapiravus 
of the American Miocene, and that the very fragmentary and inadequately 
studied record of the evolution of the Tapiridse is quite inadequate for 
the positive and exact statements which Gadow makes as to their ^Van- 
derings.^^ 

The statements as to the evolution of the horse show a surprising 
amount of inaccuracy, considering that this is so widely known a story. 
Apparently, it is in part the result of an attempt to criticize and modify 
the conclusions of American writers on the basis of a hasty survey of 
the incomplete materials available in European museums. The Eocene 
ancestors are disregarded, because they "are still so very generalized that 
they lead to horses, rhinos and tapirs as well as to other distinct groups.^' 
While this is not far from the fact as regards the Lower Eocene Eohippm, 
it certainly is not true of Orohippus and Epihippus of the Middle and 
Upper Eocene. The relations of MioJiippus to Mesohippus are hardly 
to be dismissed with a "perhaps." Desmaiippus is not an ancestor of 
Pa/raliippus but is identical; Hypohippus is not intermediate between 
Parc^ and Merychippus but is an aberrant type descended from Miohippus 

^ Op, Cit 
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through Anchitheniimj the American Miocene series does not come to 
an end with Merychippus, but this genus gives rise through iiumeroub 
intermediate species to Protohippus, Plioliippu^ and Ilippanon, Hip- 
pidion is not a descendant of Eippanon but of Pliohippus. There is, it 
IS true, a considerable gap between Ilipparioti gracile and Equus, this 
species being too specialized in tooth pattern and its lateral digits ex¬ 
ceptionally heavy; ])ut most of the American liipparions are simpler and 
less aberrant m tooth pattern and the shafts of their lateral digits reduced 
often to mere threads. The proximal splints in these forms are very 
nearly as much reduced as they are in Equitb; the gap which Doctor 
Gadow declares has been ^^sluiTed over^^ lies simply in the fact that no 
specimens have yet been found in which the shafts of the lateral digits 
are discontinuous but the distal rudiments preserved. Anyone familiar 
with the dfficulty of securing proof of this condition in a fossil species, 
and with the imperfection of our record of the Pliocene Equida?, will 
hardly consider this as a serious gap. Certainly, it is trifling in com¬ 
parison with the gaps in any of the other mammalian phyla which Doctor 
Gadow accepts without dfficulty. As for the derivation of Eqmis from 
primitive species of Eipparion rather than of ProtoMppuh, my opinion 
to that effect rests upon intensive studies of Miocene Equidaj undertaken 
for Professor Osbornes monograph of the Evolution of the TTorse (in 
preparation) and I do not think it fitting to publish tlie evidence in its 
support at present. 

The sirenians. Dr. Gadow tells us, afford strong support of the theory 
of a transatlantic bridge, the earliest being known from the Eocene of 
Jamaica and Egypt, etc. They would, undoubtedly, if there were suf¬ 
ficient reason to believe that they were absent from the more northerly 
parts of the ITorth-Atlantic-Arctic shores during the early Tertiary. But 
there is none whatsoever; the KTorth Atlaniic coasts either extended dur¬ 
ing the Tertiary beyond their present limits to or towards the continental 
shelf, or else their marine and littoral deposits have been destroyed by 
glaciation; at all events none remain above water worth mentioning 
from 25'ew Jersey on one side around to the British Isles on the other. 
That no littoral vertebrates should be known where there are no littoral 
deposits is not surprising; yet it is upon this worthless negative evidence 
that the ^'strong support^^ rests. 

I have limited myself in the foregoing criticism to noting a few points 
in regard to fossil mammals. Dr. ScharfPs book is far too extensive for 
any detailed criticism here, even within these limits. I can note only 
that, while highly instructive as well as entertaining, it is far from being 
either accurate or fair in its treatment of the geological aspects of tiie 
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subject or the fossil record. The view that during the Glacial Epoch 
the glaciers were confined in this country to the higher mountain ranges^^® 
IS one that even a biologist is hardly excusable for upholding. Nor does 
it seem that anyone discussing the Tertiary geography of North America 
should be so little informed as to suppose^^® that the eastern and western 
portions of the continent were separated during the Eocene by an ocean 
barrier. In his argument against the peimanency of the ocean basins, 
ScharfE is, on the other hand, able to quote high authority. But the 
weakness of the argument is nevertheless apparent. That there have 
been great changes of level along certain lines of disturbance has never 
been questioned. But the conclusion that the continental platforms have 
never been submerged to abyssal depths, based upon the entire lack of 
abyssal deposits in their geological succession, is not disproved but rather 
confirmed by the recognition of abyssal deposits on an oceanic island 
lying along a line of high disturbance. For that merely proves that 
abyssal deposits are recognizable as such when they do occur, absence 
from the continental platforms remains untouched. Nor does the oc¬ 
currence of ancient sedimentary and metamorphic rocks on some, espe¬ 
cially of the larger, oceanic islands afford anv evidence that they are 
remnants of former continents. The same processes of sedimentation, 
regional metamorphism and orogenic upheaval must of necessity occur 
in any oceanic island of considerable size and antiquity, and produce 
similar results both stratigraphic and petrographic. Moreover, if such 
islands lie in a line of disturbance which is continued under the ocean 
to an adjacent continent the same earth-movements may well affect both 
areas without raising the intervening region above the abyssal depths in 
which it now lies. 

Dr. Scharflf adopts Ameghino^s correlations of Argentine formations, 
and Von Ihering’s assertion that the continent of South America did 
not exist as a single land mass until late in the Tertiary. I may note 
by the way that Ortmann^®^ not long ago, in reviewing Pfeffer^s^®® essay 
on the zoogeographical relations of South America, rebuked him severely 
for not being aware of this '^undoubted fact,^^ which he declared was not 
a theory at all. The real facts are that marine and fresh-water forma¬ 
tions of Jurassic, Cretaceous and early Tertiary age occur extensively in 
the interior of South America, indicating that the broad low-lying in¬ 
terior of that continent was periodically flooded by shallow seas. The 
conditions parallel those of the North American continent very closely, 

«»Op. cii, pp. 46 ff. 
p. 867 

A, H. Oetmann : Amer. Nat, vol. zzzlx, pp. 418-416. 1905. 

Vvsmmi Zo61. Jahrt).. SuppL 8, pp. 407-442. 1906. 
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SO far as they are knowi. The North American continent we know 
exiht(‘(l as sucli throui^honi ^eologic'al time, although extousivcly flooded 
at times by shallow seas, (‘{specially during the Middle (h’olaceous. The 
same is presumably true ot South America. 

Ijiki* Doctor Gaduw^ Doclor vSeliarl! makes a wholly unjustifiable use 
of negative evidence where it may serio to supjiort liis views, lie is a 
much more reckless bridge-builder, and appears to be quite uncoiiM-ious 
of any dillcrcnce in ])robabihly between such a bridge as tlie Alaska- 
vSiberia connection and the various trails-Atlantic and Iraiis-racillc 
bridges wdiieb he invokes. Yet the Alaskan bridge is in existence to-day, 
only a few yards of its planking removed, if one may so speak, the sub- 
btrueture intact, and the marks of the missing planks still showing on 
the* undamaged portion, while the huge bridges which he “prefers’^ to 
believe in are, except for the Icelandic ridge, s(*arcely in(Ucat(*d by so 
inueli as a sandbank on the hat abyssal floor of the vast interveiiing 
oceans. That ho can edaim supiiorl of a kind from so high an authority 
as Suoss may be true, but scientific probleruB should be settled by ex¬ 
amination of the evidence, not by idtations of opinion from selected 
authorities. 

Doctor Scharff does not at all believe in ai'iddcntal transportation by 
floating vegetation or other natural means. Why, ho demands, do not 
the advocates of such views cite instances of aucli transportation in mod¬ 
em times, and why is it only the more ancient animals that are so trans- 
ported? The argument is curiously ])arallel to the favorite anti-evolu¬ 
tionist demand. Wliy, if man has evolved from a monkey, do not the 
seiciiiibts take a monkey and turn him into a man? Of course, the proof 
demanded is an impossibility. Tf any instances of such transjiorlation 
were noted during the last few (‘cntiiries, they would lie ascribed to 
human agency; but the [irobahilities within that timi* are slight except 
ill islands near the coast, such as Krakataua; for more distant islands 
they are made probable only by the vast length of geol()gi(*al periods, and 
it is a matter of course that the more ancient the type, the longer time 
and consequently better chance there has been for its transportation bv 
accidental agencies. 

Like all authors who advocate union of the (lalajiagos islands with the 
mainland, Dr. Scharff docs not distinguish between a union of the islands 
with each other, which is geologically probable and is an almost unavoid¬ 
able conclusion from a study of the fauna, and their union with the 
mainland, which is highly impiobablo on geological and physiographical 
groimds, and is not merely unnecessaiw to explain tlic fauna but im¬ 
possible to reconcile with its peculiarities by any reasonable theories 
which take into account all of the consequences of such union* 



MATTHEW, CLIMATE AND EVOLUTION 


317 


While Doctor ScharfPs interpretation of the data is based upon funda¬ 
mentally dilfci*ent principles above noted, and his statements as to fossil 
distribution are often inaccurate or incomplete, yet the numerous dis¬ 
tributional (lata which he presents of modern invertebrates are of great 
interest, and, if interpreted along the lines which I have used, they fall 
completely into lino with the vertebrate evidence. We camiot usually 
indeed check the conclusions drawn from modern distributional relation¬ 
ships by the fossil record. Many groups are altogether unknoAvn, and 
the record in others is very scanty, but the same general relations clearly 
apply. The sur\ival in Wcbtoni Europe on one side, in southeastern 
Nortli America on tlie otlicr side, of a somewhat primitive cycle of Hol- 
a retie distribution : the survival in the Mediterranean region on one side, 
in Central America and the Antilles on the other, of a more primitive 
cycle; of a still more primitive cycle in Africa and South America; and 
the progresshely gi‘eater amount of divergent or parallel specialization 
111 the smwivors of the earlier cycles; the antique and fragmentary char¬ 
acter of the fauna* of the oceanic islands, progressively more so in pro¬ 
portion to their smallness and isolation—^all these conform to the verte¬ 
brate distribution. And with invertebrates as with vertebrates, every 
year adds to the number of the types which, while now limited to the 
peripheral continents and oceanic islands and highly discontinuous in 
their range, are shown to have inhabited formerly the central Holarctic 
region. It appeal’s that many, one might perhaps say most, invertebrates 
are more readily transpoited across ocean barriers than vertebrates, espe¬ 
cial Iv mammals, even making due allowance for their greater antiquity. 
Til is also we sliould expect. 

T do not think it necessary to catalogue the errors or inaccuracies in 
pmsenting the cvi(len(*e aifordod by fossil vertebrates. Such errors are 
unavoidable in a subject of so broad a scope, and excusable enough, if 
they do not loan too much to one side. I shall cite but one instance, 
and this in justice to my distinguished confrere Professor Depferet. 
Doctor SeharlT coucludos his summary of the North American records 
of the Evolution of the Horse with the following remarks:^®® "And yet 
not a single transition from one genus to the other seems to be known. 
No wonder that one of our foremost paleontologists exclaims, 'The sup- 
])osed pedigree of the horse is a deceitful delusion, which simply gives 
us the general process by which the tridactyl foot of an ungulate can be 
transformed in vaxioub gi’oups into a monodaetyl foot in view of an 
adaptation for speed, but this in no way enlightens us on the paleontolog¬ 
ical origin of the horse.^" Such a statement, coming from so excellent 

^Op. p. 147. 
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an authority, seems startling until one verifies the quotation and finds 
that it refers, not to the American records, but to the ancestry of the 
horse as presented in GaudryV®* Enchaincments, to the European series 
Palceoihenum, AncMtheriuni, [lipparion gradle and Equm. Dep6ret 
takes care to premise that he is speaking only of this European series, 
and while I think the criticism goes too far—it should at least be modi¬ 
fied by changing “ungulate” to “perissodactyl” in view of what Ave know 
about the Litopterna—yet tlie criticism is largely justified in its proper 
context. As applied to the American series it is altogether unwarranted. 

^ A. Gaudby : ISnchalnements du Monde Animal, vol. ill, Mammlferes tertlalres. 1878. 
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Inteoduction 

Tlic present i)aper is a study of the morphogenesis of the neuraxis in 
its early stages, with e«^peeial reference to an attempted interpretation 
of the forebrain in terms of the longitudinal zones of the neural tube, 
viz., the basal and alar laminae, and the ganglionic crest. The theoretical 
problem can be stated briefly. Since the ganglionic elements are in¬ 
cluded in the wall of the neural tube at the time of its separation from 
the ectodenn—Neumayer has shown this for reptiles, and it is also true 

* Presented In abstract by the senior author at the meeting of 11 May, 1914, under 
the title *‘^arly Stages In the Development of the Brain In the Domestic Cat” 
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of the cat—^it is possible that in regions in which a ionic crest is 
not formed, homodynamons elements remain incorporated and form 
permanent constituents of Ihe brain-wall. It ought not to l)e inferred, 
from absence of a discrete ganglionic crest in an\' region, that its equiva¬ 
lent is lacking, for it may simply have failed to sc])arate from the 
iieuraxis. On the other hand, with regard to the interpretation of the 
forebi-ain in terms of transverse sogmoiitation, nenroniere^, it would seem 
that a complete dorso-ventral segment of the neural tube should contain 
ganglionic, alar and basal elements, and that failing any of these it is 
something less and other than what the term neuromerc properly implies. 
Now we have no evidence of the existence of the basal lamina in advance 
of the nucleus of origin of the oculo-motorius, nor can wc see the ad¬ 
vantage of assuming its presence in front of the point at which evidence 
of its existence ceases. Further, the transverse segmentation of the neu- 
raxis is either the result of intrinsic factors, or what seems more prohabh*, 
is at least in part secondary to the segmentation of the mesoderm. This 
is myomeric in the trunk, hranchiomeric in the head. That a secondary 
segmentation of the neuraxis thus effected should result in a continuous 
series of merislie equivalents seems on the face of it somewhat improb¬ 
able. These, in brief, are tlie questions we have had chiefly in mind in 
attempting an ontogenetic analysis of the forel)rain of the cat. At the 
same time it seemed desirable to record the general data concerning the 
neuraxis in a close and fairly numerous series of young embryos, for as 
yet the knowledge of these stages in mammals is far from extensive. 


The list of emhrv-os is as follows: 

Prior to tlie appearance of somites.Nos. 3^9,400,456,550,555 

One pair of mesodermic somites.Nos. 554.504 

Two pairs of mesodermic somites. No. 530 

Three pairs of mesodermic somites. No. 503 

Four pairs of mesodermic somite.s. No, 40!) 

Seven pairs of me.sodermic somites. Nos. 5.S7. 

Bight pairs of mesodermic somites. Nos. 5.30,5S0 

Nine pairs of mesodermic somites.. No. 531 

Ten pairs of mesodermic somites.Nos. 476,532 

Twelve pairs of mesoclermh* somites.Nos. 534.547 

Thirteen pairs of mesodermic somites. No. SO 

Fourteen pairs of mesodermic somites.. Nos. 1S8,54S 

Sixteen pairs of mesodermic somites.No. 551 

Seventeen pairs of mesodermic somites.No. 568 

Nineteen pairs of mesodermic .somites.No. 502 

Twenty-one pairs of mesodermic somites.. No. 558 


The emhn^os were cut into transverse sections and reconstructed hv 
the Bom method at a magnification of two hundred diameters. Oasts 
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of the lumina, as ^rell as models of the neural tube, were made in each 
case and were found useful in controlling and interpreting the surface 
relief. The period of development of the neuraxis covered by these 
embrj’os extends from the appearance of the medullary plate to the 
definition of the pallial anlage. It will be convenient, first, to record the 
conditions observed in the several embryos and then proceed to a con¬ 
sideration of the morphological questions outlined above. 

DnsCEIPTIOit OP EilBRYOS 

Embryo,^ Prior io the Appearance of Iniersomitic Glefts,'-(Pls>te 
XXII, Fig. 1.) Toward the end of this period when the axial mesoderm 
has thickened and is on the point of becoming segmented, the medullary 
plate {5Y is represented 1a an oval thickening of the ectoderm which 
peripherally passes into the somatic ectoderm (7) by a gradual transition 
(28) without clearly defined limits. In some ol! our emhiTOs there were 
irregular depressions and elevations of the surface, especially in its lateral 
regions, wliich presented some resemblance to the Seitenfurche, Rand- 
furche and Parietaizone of authors, but which, in view of the uniform 
outlines of the excellent embryo here figured, we have not been aide to 
convince ourselves were natural structures. 

Embryos of One Somite, —(Plate XXII, Pig. 2.) In these embryos 
one pair of complete intersomitic clefts is present. In addition, the 
axial mesoderm presents on each side two or three transverse constrictions 
which are evidently due to the inception of somites. In the cat it appears 
that several somitic constrictions are initiated simultaneously. In our 
reckoning we have regarded only the complete clefts and the number of 
somites assigned to the embr}^os of our series are estimated in terms of 
complete clefts. In the two embryos which we have classed as having 
one pair of somites there are, in addition, two or three pairs of con¬ 
strictions, one pair of which is situated in front of the first complete 
intersomitic cleft. The medullary plate (5) merges laterally into the 
somatic ectoderm (7) by a gradual transition (28) as in the earlier 
stages. Cephalad its axial region is depressed. We would call attention 
to the fact that the summits of these incipient medullary folds corre¬ 
spond to the middle zone of the medullary plate on each side. 

Embryos of Two Somites, —(Plate XXIII, Pig. 1.) The medullary 
plate has the same general characters as in the preceding embryos. It 
is very broad and passes by gradual transition (28) into the somatic 
ectoderm (7) at the sides. Graniad the medullary groove is somewhat 


* The ntimerals in italics refer to the nnniberB of the leaders in the figures. 
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deeper and the medullan fold's have partiall} ovectod them'selves over 
a gi-eater longitudinal distance. Ch’aniad also a faintly marked furrow 
is present in the region where the medullary plate becomes thinner 
the somatic ectoderm is approached. In addition, the lateral region of 
the plate presents slight undulations of the surface. 

Embryo of Three Somites .—(Plate XXIII, Pig. 2.) The nouraxis 
has the same general configuration as in the preceding embr 3 ’os. The 
boundar}’ between the medullary plate (5) and the somatic ectoderm 
(7) is still effected by a gradual transition (28). Craniad there is a 
faint furrow as in the embryo of two somites, and in this region also 
the margin is marked by faint undulations. 

Embryo of Four Somites .—(Plate XXVII, Pig. 1; Plates XXIY- 
XXVI.) The neuraxis has not lengthened appreciably as compared with 
the embryos of three and of two somites. In its cranial half, how'ever, 
the neural folds (5) have fully erected themselves and an abrupt bound¬ 
ary has been established between them and the somatic ectoderm (7). 
Caudad this junction is still effected by a gradual transition; there is 
no furrow. The floor plate terminates craniad in a distinct thickening 
and elevation (2) which intervenes between the ventral extremities of 
the optic sulci (1). In front of them it is continuous with the ectal 
margins of tlie primitive optic vesicles. We have designated this eleva¬ 
tion the tubercle of the floor. The optic sulci begin on each side of the 
tubercle of the floor wliere they are continuous with the angle that defines 
the floor-plate from the parieties. They describe an arc with the con¬ 
cavity caudad and approximately parallel to the margin of the neural 
plate, but approaching the neurosomatic junction and becoming fainter 
as they are followed caudad. Corresponding to their arclied segment 
there is a marked thickening and external prominence of the wall of the 
neural tube. 

At a short distance caudad to the optic sulci there are a pair of similar 
though shallower furrows, close to the neurosomatic junction. Their 
course is at first horizontal; their caudal poriions turn ventrad and 
approach but do not reach the floor-plate. Corresponding to their hori¬ 
zontal portion, there is a ridge-like projection between the summit of 
the neural plate and the somatic ectoderm. This ridge is the quintal 
anlage (S). That it is more intimately related to the neural fold (5) 
than to the somatic ectoderm (7) is ^own both by the fact that the 
neurosomatic junction is dorsal to it and by the fact that it blends at 
both of its extremities with the thickened dorsum of the neural plate. 
It is in no sense an element intermediate between neural plate and 
ectoderm. Just behind the quintal anlage is another, smaller furrow 
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(Jf.) which IS not accompanied by any definite local protrusion of the 
wall but simplv groove^ the medullary fold entally near the neurosomatic 
junction, becoming broad and shallow and disappearing before the floor- 
plate is reached. This furrow corresponds to the acoustico-facial anlage 
in older embryos. \\"e would note further that on the right side there 
is a small pit situated midway between the optic and quintal sulci having 
the same characters as the latter, except that it is unaccompanied by an 
external protuberance and is present only in three sections of 13.3 micra 
each. This had no homologue on the left side. It is possible that this 
minute furrow represents the profundus anlage, although clear evidence 
of its presence is not found in our embrj^os until the stage of twelve 
somites is reached. A similar conformation was observed farther caudad 
on the left side in the region behind the last somite; it extended over 
three sections. Caudad the medullar}' folds divaricate and become lower, 
eventually disappearing in the region of the primitive groove. In con¬ 
trast to the cranial extremity, it is to be noted that here the first portion 
elevated is the lateral and not the basal zone of the medullary plate. 
This is characteristic of this region in later stages as well. It is ap¬ 
parent, therefore, that, both craniad and caudad, the elevation of the 
neural folds is accomplished in two phases but that the order of events 
is reversed at the two ends of the embryo. Craniad the basal region 
first becomes vertical, then the lateral, while caudad the converse is true. 
This is the only evidence we have been able to find of a morphologic 
difference between the basal and alar plates, for the sulcus limitans is a 
late formation, if it is present at all in young embryos of the cat. 

Embryos of Seven Somites ,—The neural folds are separate in their 
entire length and in general show but little advance in comparison with 
the embryo of four somites. The optic sulci are strongly arched and the 
prominence of the primiti^'e optic vesicles is slightly increased. The 
tubercle of the floor intervening between the two optic sulci forms a well 
defined cranial limit to the floor of the neural tube, and blending with 
the wall in front of the optic sulci forms the ventral lip of the neuropore. 
The quintal and acoustico-facial sulci consist of horizontal and obliquely 
descending segments, the latter in each ease becoming broader and shal¬ 
lower as they approach the floor-plate. On the ectal surface of the neural 
plate faintly marked oblique elevations correspond to the oblique portions 
of these sulci. The quintal anlage forms an elongated ridge, extending a 
little farther craniad than the horizontal segment of the qumtal sulcus. 
Its extremities now project free of the medullary plate, no longer fusing 
with it as in the embryo of four somites. This anlage enters into inti¬ 
mate relations with the mesenchyme of the head, the two tissues passing 
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into one another by such gradations that it is difficult and in some sec¬ 
tions impossible to determine the precise limits of the ganglion. 

Embryos of Eight Somites ,—(Plate XXVII, Pigs. 2, 3; Plates 
XXVTII-XXX.) TFIiile the nenraxis shows little if any increase of length 
in comparison with the preceding embryos, the closure of the neural folds 
has been initiated. This is first effected in the region immediately in 
front of the quintal anlage (3), where the folds obtain their greatest 
height (embryo No. 586). In embryo Xo. 530 there is an additional 
point of closure immediately caudal to the quintal anlage. 

The optic sulci {1) have increased in depth and the optic vesicles form 
prominent, ellipsoidal projections with nearly vertical axes. Evidently 
they correspond to the arched segments of the optic sulci in the younger 
embryos; the horizontal caudal continuations of these furrows are now 
reduced. Caudal to the optic vesicle the wall of the neural tube is flat 
until near the quintal anlage (3), where a moderate dilation is present. 
This ganglion has now a triangular form and is shorter than in the pre¬ 
ceding embryos. It is attached to the dorsum of the medullary plate 
near its junction with the somatic ectoderm, corresponding to the inter¬ 
val between the two points of closure of the neural tube (embryo No. 530) 
and at the summit of a slight constriction intervening between two mod¬ 
erate dilatations. The first of these dilatations (3Z) has already been 
mentioned; the second {12) corresponds to the oblique descending por¬ 
tion of the quintal sulcus, which as a whole in these embryos is under¬ 
going reduction. The acoustico-facial ganglion {Jf) is small and has a 
sliallow corresponding sulcus. The ganglion occupies the summit of a 
constriction immediately behind the quintal dilatation and is followed 
by a slighter enlargement {18) of the tube, into which its sulcus merges. 
It is then, in its sulcus and following dilatation, a repetition on a smaller 
scale of the quintal anlage. The common ganglionic crest extends from 
the acoustico-facial ganglion, with which it is continuous to the level of 
the fourth pair of mesodeimic segments, hi ihe caudal half of the nou- 
raxis the neural folds are lower; at first parallel, they diverge in the region 
of the rhomboid fossa {21), Here the neural plate of each side comprises 
a horizontal mesial region, and a smaller lateral erected portion, the two 
meeting at a rounded angle. In the midline there is a vestige of the 
primitive groove (6'}. 

Embryo of Nine Somites .—(Plate XXXI.) The closure of the neural 
tube is advancing rapidly. It is not, however, effected by a uniform ad¬ 
vance in both directions from the region of earliest closure, but on the 
contrary is incident at several separate points of the neuraxis, as was fore¬ 
shadowed in the eight-sonodte embryo. In addition to the anterior neuro- 
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pore (5), there are three small gaps (9) iu'the region of the quintal 
anlage (n?) corresponding to the hiatus there present in the embryo of 
eight somites. Another small orifice (10) is situated in the region of the 
acoustico-facial anlage (4). Caudal to this the folds unite for a consid¬ 
erable distance but again separate (11) in the region of the fourth to the 
eighth somite; opposite the ninth they are again united for a short dis¬ 
tance when they finally separate and di\erge. 

The anterior neuropore is markedly diminished in extent. That this 
is caused by closure at its ventral as well as at its dorsal lip is shown by 
a comparison of the models in Plate XXVII, Fig. 3, and Plate XXXI, 
Fig. 2. In the eight-somite embr 3 "o the optic vesicle is open in its whole 
extent; in that of nine somites closure has been efliected in about half of 
its length. The prosencephalon shows a distmct advance beyond that of 
the eight-somite embryos both in size and in the complexity of its surface 
relief. It projects strongly ventrad, its caudal margin forming approxi¬ 
mately a right angle wdth the floor of the neural tube. It is demarcated 
from the midbrain by a shallow anterior isthmian sulcus (22) which is 
\ery obliquely inclined. The optic vesicles form its ventro-cranial region; 
they are somewhat pyriform with a pomted caudal extremity and their 
long axes are inchned at an acute angle with the horizontal. Dorsally 
tlie optic vesicle is defined by a shallow depression; between this and the 
anterior isthmian sulcus are two small elevations, one on the dorsal and 
one on the ventral aspect of the tube. The dorsal eminence is the thala- 
mencephalon (Plate XXXI, Fig. 2, 16) and is opened in its whole length 
Ijy the neuropore. It is somewhat triangular in shape and its prominence 
diminishes ventrad where it is separated by a faint depression from the 
\entral emtnenKje. This latter also has a triangular shape and is the first 
indication, in our series, of the mammillary region (Plate XXXI, Fig. 2, 
17). Ventrally it is separated from the pointed extremity of the optic 
vesicles by a slight incisure which corresponds to a thickening and an iii- 
Avard projection of the floor-plate. As this is interposed between the 
ventral extremities of the optic sulci, it is evidently the tubercle of the 
floor (Plate XXXIX, Plate XL, Fig. 1, 2) of the earlier stages. The de¬ 
pressions defining tlie thalamencephalon and the mammillary region form 
an H-shaped system of furrows, while the two elevations taken together 
form a segment which separates the primitive optic vesicles from the mid- 
brain. That this segment is not a neuromere in any precise sense of the 
Term is obvious from its developmental history, for the two eminences of 
which it is composed fuse only at a considerably later period (sixteen 
somites). The prosencephalon lies immediately in front of the foregut 
and the entoderm is closely applied to the mammillary region. A com- 
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parison with the embryos of eight somites makes it evident that these 
changes are not wholly to be attributed to inequalities of growth, but that 
a profound remodeling of the cranial extremity of the ncuraxis has taken 
place in addition, as is shown by the alteration in the direction of the 
optic axes, the inclination of the anterior isthmian sulcus and in the 
notable lengthening of the midbrain taken in connection with its dimin¬ 
ished height. 

Embryos of Ten Somites .—(Plate XXXII.) The union of the neural 
folds has progressed. The anterior neuropore {8) extends through the 
greater part of the length of the optic \esicles into the thalamencephalon 
(f d), the somatic ectoderm being further adherent as far as the mesen¬ 
cephalon {15). In this segment of the brain and for a considerable dis¬ 
tance caudad the folds have closed and the neural tube has separated 
from the ectoderm. The roof-plate is concave and depends into the lumen 
as a longitudinal ridge. Somewhat in front of the middle of tlie neu- 
raxis there is a considerable hiatus in the line of closure of the neural 
folds and behind this are three small areas in which the ectoderm is still 
adherent, though closure has been completed {11). The fossa rhom- 
boidalis {^1) falls into two portions of about equal length. Cephalad it 
is narrow and the neural folds are high, approximated and nearly paral¬ 
lel. The caudal region is broad and bounded by low folds erected only 
in their lateral parts; here the neural plate still passes into the somatic 
ectoderm by a gradual transition. 

The prosencephalon joins the rest of the neuraxis at an acute angle. 
The anterior istlimian sulcus {^2) is horizontal with ventral concavity. 
The mammillary region {17) is well marked, as is also the thalamen¬ 
cephalon {16)) the axis of the optic vesicle is horizontal. A posterior 
isthmian sulcus {23) defines the midbrain cauclally. In embryo No, 4?6 
this vesicle is obscurely divided into two segments by a shallow furrow. 
The hindbrain has throe recognizable segments; the first {31) is trian¬ 
gular with its base ventral; the second {12) and third {13) are obliquely 
inclined and defined by shallow, oblique fuiT<;ws. The quintal anlage (3) 
is attached in the interval between the second and third segments and 
the profundus anlage between the second and first (Plate XXXII, Pig. 8, 
3a). This is the youngest embryo of our series in which the profundus 
element can definitely be made out. The acoustieo-facial anlage {i) is 
separated by a short interval from the quintal anlage; it occupies the 
furrow which defines the third hindbrain segment caudally and is con¬ 
tinuous wdth the ganglionic crest of the trunk (not shown in the model). 

A second embryo of ten somites (No. 532) corresponds closely to the 
embryo just described, except for a somewhat greater degree of union of 
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the medullary folds. The anterior neuropore is reduced to a minute ori¬ 
fice situated ventrally at about the middle of the optic vesicles, thus 
affording, in comparison with the foregomg embryo conclusive evidence 
of progressive closure at the anterior lip of the neuropore and to this de¬ 
gree depriving the orifice of value in determining the morphologic ceph¬ 
alic extremity of the neural tube. Apart from this small opening the 
anterior neuropore is closed, but the ectoderm is adherent over the cranial 
portion of the optic \esicles and the adjacent region of the thalamen- 
cephalon. The midbrain shows no .sign of duision into two segment*^. 

Embryos of Twelve and Thirteen Somites .—(Plate XXXIII.) These 
embryos form a closely graded series, passing from the conditions de¬ 
scribed in the embryos of ten somites to those attained by the fourteen 
somite embryos of our series. In the region of the anterior neuropore 
{8) they show a considerable degree of variation in the closure. In em¬ 
bryo No. 534 of twelve somites, the neuropore has been completely closed. 
The ectoderm is, however, adherent at the middle of the sagittal length 
of the optic vesicles and further over the region of junction of optic vesi¬ 
cle (1) and thalamencephalon (16)- In embryo Ho. 86 of thirteen 
somites, the ectoderm is adherent in the whole length of the optic vesicle 
and there are three small orifices, one at the middle of the optic vesicle, 
one at its junction with the thalamencephalon and one in the thalamen¬ 
cephalon itself. 

There are three oblique segments in the hindbrain; their interseg- 
mental constrictions give attachment to the profundus {3a), quintal (3) 
and acoustico-facial (4) ganglia in the order named cranio-caudad. The 
acoustico-facial is continuous with the ganglionic crest (30) wliich ex¬ 
tends for somewhat more than haK the length of the neuraxis. Follow¬ 
ing these oblique ganglionic segments is a series of vertical segments; 
their constrictions corresponding to the mesodermic somites are six to 
seven in number. It is thus seen that the vertical segments of the neu¬ 
raxis correspond in location to the somites, but lag considerably behind 
them in number, which we take to mean that an interval in time elapses 
between the formation of the mesodermic somite and formation of the 
corresponding myelomere. It seems to us, therefore, that ontogenetically 
myelomeres are secondary to the mesodermic somites. The three oblique 
hindbrain segments, associated with the three large ganglia, are situated 
in advance of the somites. We would emphasize the difference in their 
disposition as evincing their independence of the myomeric segmentation. 

Embryos of Fourteen Somites .—(Plate XXXIV.) The two embryos 
of this stage in our series show a close correspondence in the neuraxis, 
save only that embm Ho. 548 is in most respects slightly in advance of 
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its fellow, No. 188. Tlie neural folds arc united, except in the short, 
narrow rhomboid fossa, in tlic caudal portion of which the neural plate 
still passes l)y a gradual transition into the somatic ectoderm. The an¬ 
terior neuroporo (S) has closed, but the ectoderm is still adherent from 
the middle oF the opth- vesicle to the tlialaniencephalon. Miiibryo No. 
188 is more advanced in this respect, for the ectoderm is free of the 
neuraxis in the Avhole length of the prosencephalon. It is, however, 
adlierent in the niidline from the level of the ])rofnn(his aiilage to that 
of the acoustico-facial ganglion, X comparison of these two embryos 
affords a striking example of the irregularitv incident to the whole 
process of closure of the neural tube and its separation from tlie ectoderm 
in the cat, and seems to justify the attachment of less importance than 
is usually ascribed to the point of ultimate closure. The ueuraxis is 
bent ventrad at the posterior isthmian sulcus (28). Tim is the second 
actual flexure observed in our series, for a comparison with the figures 
of the preceding embryos sliows that the earlier i>r()jection ventrad of 
the prosencephalon was associated with a remodeling of the inidbrain 
and an inclination of the anterior isthmian sulcus, while in the stage 
now under discussion the bend is accentuated at the posterior isthmus. 
The hindbrain forms a gentle arch passing into the straiglil myelen(‘eph- 
alon. In the forehrain important new conditions are initiated. The 
optic vesicle (1) is now not only relatively but absolutely smaller than 
in the younger embryos and an ectopiic zone begins to emerge from its 
periphery. As yet these changes are conspicuous only dorsally between 
the optic vesicle and the thalajneneephalon (fd), and to a less degree 
ventrad immediately in front of the mammillary region (77). The 
dorsal element is the telencephalon (79), the ventral corresponds in 
general to the infundibular region (IS), The jnanimUlary region and 
the thalamencephalon have increased in size and form well-marked tri¬ 
angular prominences in lateral The inidbrain (7^7) is a well- 

marked dilatation, triangular in fom, defined by conspicuous isthmian 
furrows (22, 33) which all but meet ventrally in the angle formed by 
the second flexure of the neuraxis. The arched form of the hindbrain 
has been mentioned; its veriical diameter is increased by a ventral pro¬ 
jection at the level of the quintal ganglion (5), the pontine angle. Thus 
it appears that a projection of this region long antecedes the develop¬ 
ment of the pontine flexure. In lateral view, the three segments with 
their oblique separating furrows are more conspicuous than in the younger 
embrj^os. They are especially prominent ventrad, which would seem to 
imply that their increasing definiteness is associated with the bending of 
the hindbrain. The ganglia are attached dorsally in the hirrows; the* 
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profundus (Sa) between the first and second segments 12); the 
quintus (J) between the second and third (12, 13 ); the acoustico-facial 
(4) immediately behind the third. Ventrallythe second segment shows 
signs of subdivision. Barely .^een in embryo Xo. 188, in jSTo. 548 it is 
marked by a vertical furrow ascending to the attachment of the quintal 
ganglion and dividing the segment into an oblique cranial portion (12a), 
extending completely across the neural tube and a triangular caudal 
fraction (121)) which forms the bulk of the pontine angle but is confined 
to the ventral region of the neural wall, being excluded from the alar 
portion by the oblique complete third segment. The myelencephalon has 
seven neuromeres. These contrast sharply with the foregoing by their 
vertical position. The oblique metencephalic segments are now con¬ 
tinuous with the neuromeres of the myelencephalon: that they form a 
homod}Tiamous series is certainly not supported by the evidence of their 
development in the cat, in fact the heterogeneity of these elements seems 
as clearly given by their ontogeny as by the diversity’ of the peripheral 
nerves with which they are associated in the adult. 

Embryo of Sixteen Somites ,—(Plate XXXA".) The neural tube is 
closed and completely separated from the ectoderm except in the region 
of the fossa rhomboidalis. The flexure at the posterior isthmian sulcus 
(28) has increased and the nuchal bend is now present. Tn the hind¬ 
brain the -region of the second (12) segment projects ventrally and 
forms the pontine angle. The optic vesicles (1) are still further reduced 
in size, absolutely as well as relatively, and there is formed both ventral 
and dorsal to the vesicle a considerable zone whieli represents the exten¬ 
sion of the telencephalon (19) and infundibular region (18) of the 
preceding embryos. The coale^'icenco between the mammillary region 
(17) and the thalamencephalon (16) has increased; and they now form 
a well-marked segment between the midbrain and the derivatives of the 
optic vesicles (1),^ The mesencephalon (to) is triangular and markedly 
compressed ventrad. The segments of the hindbrain are less oblique 
than in preceding embryos. The first (31) is large, the second (72a, 
121) forms the prominence of the pontine angle, is ventrally subdivided 
and its second segment now extends farther dorsad. I'lio third segment 
(IS) is narrow. The ganglia retain their primitive intersegmental po¬ 
sitions. 

Embryo of Seventeen Somites ,—(Plate XXXYI.) The reduction of 
the optic vesicle (1) continues. The telencephalon (19) forms a promi- 

®Iii this respect this embryo corresponds closely to the four-millimeter sheep embryo 
figured by Neumayer—Studlen zur Bntwickelungsgeschlchte des Gehlms der Safiger- 
thlere. Festschrift zum Riehenzigsten ileburtstoar von Carl von Kuppfer. Taf. XLVTII, 
fig. 4. Jena, ISOO. 
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nent convexity in front of the optic vesicle. Near its upper limit there 
is a point where the ectoderm la still adherent (5). The area which we 
have termed infundibular region (18) is very large and has a pointed 
apex directed caudad. The iiiaminillary region (17) has increased in 
size but otherwise closely resembles that of the fourteen somite embryos. 
The same is time of the mesencephalon {13), The hindbrain is markedly 
enlarged in its vertical diameter. The pontine angle has increased in 
prominence. The first hindbrain segment {31) is broad and prominent; 
the second (12) is subdivided by a deep sulcus; its posterior moiety 
{12h) has a considerable vertical extent but is now fusing dorsally with 
the third segment {IS) which remains narrow but has increased greatly 
in height, forming indeed the apex of the pontine angle. The quintal 
ganglion {S) retains its intersegmental position, but that of the pro¬ 
fundus {Sa) is beginning to shift caudad and is now in part attached to 
the second segment {12a), The cranial extremity of the myelencephalon 
has increased markedly in vertical diameter and is beginning to be 
assimilated to the hindbrain; it shows a prominence of the roof at its 
commencement which is separated by a depression from the remainder 
of the roof-plate. This embryo showed some degree of side-to-side com¬ 
pression with resulting diminution of the relief of its lateral walls and 
an exaggeration of the projections in the dorsal and ventral midline. 

Embryo of Nineteen Somites ,—(Plate XXXVII.) The forebrain is 
defined by a well marked anterior isthmian constriction {22) which is 
practically in line with the venter of the hindbrain. The thalaman- 
eephalon {16) has enlarged and is separated from the telencephalon {19) 
by a shallow but definite furrow {20) extending from the dorsal mid¬ 
line, obliquely over the lateral surface of the brain to the depressed area 
immediately behind the optic vesicle where the thalamenceplialon merges 
into the relief of the regio mammillaris {17), The latter has not increased 
in size and is separated from the regio infundibularis {IS) by a shallow 
furrow; it is also distinguished by its greater lateral prominence. The 
remainder of the forebrain comprises the optic vesicles and an ectoptic 
zone surrounding them. The latter has greatly enlarged in its dorso- 
cephalic portion, the telencephalon {19), which now forms the extremity 
of the brain. The regio infundibularis shows but a moderate increase 
in size. Xew conditions are initiated ventral to the optic vesicles, which 
now begin to retreat from the margin of the brain, leaving a narrow 
strip of tissue through which the infundibular region and telencephalon 
are continuous. This condition is more clearly shown in the model of 
the lumen. 

The midbrain {13) is little changed as yet but is beginning to show 
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a lengthening of its dorsnni which becomes marked and characteristic 
in later stages. In the hindbrain the pontine angle has increased in 
prominence. The first segment {31) is very large, the second {12) is 
ventrally subdivided into two, as is also the third {IS), The sulci 
corresponding to these subdivisions extend dorsad only so far as the 
ganglia. Behind the third of the original segments of this region is 
one small projection confined to the ventral portion of the neural tube. 
This is followed by the vertical m 3 "elomeres corresponding to the meso- 
dermic somites. 

The large ganglia are shifting their points of connection vith the 
neural tube and arc now attached somewhat above the middle of its 
lateral wall. The profundus {Sa) has shifted to the middle of the 
second segment, lying at the extrenaity of the sulcus which marks its 
ventral subdivisions. The quintal ganglion (5) has lost its primitive 
intersegmontal iiosition and adheres to the cephalic part of the third 
segment. These two ganglia are thus beginning to approach one an¬ 
other. The acoustico-faeial (4) occupies the interval between the fourth 
segment {H) and the first myelomere {2Ji), 

Embryo of Twenty-one Somites .—(Plate XXXVIII.) The forebrain 
differs from that of the preceding embrj’o notably in the enlargement 
of the infundibular region ( IS) as well as in the increase of the ectoptic 
zone as a whole. The optic vesicles have receded further from the 
ventral margin and a broader strip connects the infundibular region 
with the telencephalon (19). The ectoderm is adherent to the latter 
at a point corresponding to the somewhat angular junction of the ventral 
and cranial margins of the pallium. On either side of this line of 
adherence the neural tube gives rise to projections {27), not quite sym¬ 
metrical, which bear the same relation to the medullary plate as the 
large ganglia at their inception. The element of the right side, which 
is somewhat the larger, contains in its interior two small cavities which, 
however, do not communicate with the lumen of the neural tube. We 
are unable to offer any suggestion as to the significance of this structure, 
nor have tve found in younger or older embrj^os of the cat any corre¬ 
sponding structure. 

The thalamencephalon {10) and mammillary region {17) together 
form a well-defined segment of triangular outline interposed between 
the foregoing structure and the midbrain {15). The latter shows an 
increase of length in its dorsal zone. The hindbrain differs but little 
from that of the preceding embrj^o. Its first segment {SI) is somewhat 
compressed; the second (12) is subdivided ventrally and the profundus 
ganglion (3a) is attached at about its vertical middle, close to its caudal 
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margin. Tlio third segment is also subdivided ventral ly; the attachment 
of the quintal ganglion (d) extends close to its cranial border. These 
two ganglia are thus approximated and on the point of union which is 
ultimately eifected in emlOTOs ot twenty-siv somites. The third seg¬ 
ment is follow^ed by a slight prominence {H) confined to the ventral 
region of the neural tube and less clearly marked off from the myeleii- 
cephalon than in the preceding embryo. Above it is the acoustico-facial 
ganglion (Jf.). The relief of the follotving neuroraeres is faint and to 
be made out only with great dUBBculty in this embryo. The model of 
the lumen (Plate XLI) corroborates the description we have given of 
the external relief, but in addition presents one or two details which are 
not perceptible from the surface. The plica ventralis encephali by its 
broad siunmit foims the floor of the midbrain. Its anterior angle, the 
tuberculum postero-superius of authors, juts forward prominently. Im¬ 
mediately below is the recess of the manmiillarv region (17) bounded 
ventrally by the tuberculum postero-inferius (3). A^'entral to this again 
is the large triangular cavity of the infundibular region (/d). Its 
ventral wall shows a moderate thickening, torus postopticus, in front of 
which is the shallow preoptic recess, from which the lamina tenninalis 
extends forward and upward to a point at which the ectoderm (7) is 
adherent. 

We have now completed the record of our objective findings on the 
basis of which we propose to discuss the problem stated in out opening 
paragraph; we shall endeavor in the course of this discussion to compare 
our results with those of other students only in so far as they have dealt 
with mammalian embiTos of corresponding stages of development. Un¬ 
fortunately the number of detailed descriptions of such eml)ryos is not 
large. We have not, therefore, attempted any general conij)arison of 
the ontogeny of the mammalian neuraxis with that of better known 
fonns, except in a few instances when it has a direct and important 
bearing upon our problem. 


GvNOLfoxic Guest 

It has already been stated that tlie medullary plate primitively lacks 
a precise boundary and passes by a gradual thinning into the somatic 
ectoderm (Plate XXII, Pig. 1, Prior to closure, however, and this 
is true of the liead as well as the tnmk, an abrupt demarcation is estab¬ 
lished and the somatic ect(xlerni joins the medullarv” plate at its dorso- 
median angle (Plates XXnil-XXX). This remodeling of tlje neuro- 
somatic junction is progressive cephalo-caudad, and is completed in each 
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region before closure occurs. Coincidently the medullary plate narrow 
markedly so that it is probable that the primitive region of transition is 
thinned out and added to the somatic ectoderm. TThen closure is effected 
the ectoderm is closely applied to the concave dorsum of the neural tube 
and is continuous from side to side, without median attachment to the 
neuraxis, and with no interveuiiig cells (Plate XLI). We would empha¬ 
size these facts, for they patently exclude the interpretation of the gang¬ 
lionic crest of the trmik as an element intennediate between the general 
ectoderm and neural tube, and primitiveh independent of the latter. In 
this point our observations are in accord w'ith the sections of the cat fig¬ 
ured by Fleischmaiin'^ and of the human emi)ry() by Felix^ and agree with 
Xeumayer’s® observations upon the trunk region of reptiles. It would 
seem to follow, therefore, that tlie ganglionic crest oC the cat is a derna- 
tive of the neural tube, and this view acquires an antecedent probaliilit} 
from the occasional retention of afferent ganglion cells in the neuraxis of 
the adult, as in x4mphioxus and Toleosts, and in the niesencephalic root 
of the trigeminus of mammals. 

In the cat, the ganglionic crest is formed in the trunk by a simple 
delamination of the dorsal less regularly arranged cells at the summits 
of the neural folds. Shortly after closure a minute cleft appears on 
oach side and advances towards the midline, until the crests are attached 
only by a narrow median strand. Again our results are concordant with 
those of Neumayer for reptiles. 

Sometimes, and not always symmetrically, prior to closure, a faint 
furrow appears on the ental surface of the neural fold close to the junc¬ 
tion with the somatic ectoderm. This we have taken to indicate some 
small degree of lateral movement of the cells at this point as though to 
form an evagination. The process is abortive but suggests that in the 
derivation of tlie ganglionic crest from the neural tube delamination 
may have been substituted for evagination, and a solid anlage may have 
replaced a hollow' one, as elsewhere in the ontogeny of forms rich in cells. 

Farther cephalad the evagination becomes conspicuous. Tn the acous- 
tico-facial region (Plates XXVI and XXX) there is a shallow oblique 
furrow unaccompanied by evagination and the ganglion seems to agree 

* A, Flbischmaxn ; Embryologlsche TJntersiichungen. Erstes Ileft. Taf. II, figs. 4-0; 
Taf. Ill, figs. .^-12. Wiesbaden, 1889. 

= W. Felix : “Die Entwickelung der Harn nnd Gescblecbtsorgane in Eelbel and Mall/’ 
Handbueb Entwidcelunasgeschlcbte des Menschen. Figs. 522, 625, 528-630. 1911. 

« L. Nbumayee : *‘Zur Morphologie des Central Nervensystems der Cbelonier und Croco- 
dilles.” Aub Voeltzkow Relse In Ostafrika In den Jabren. 1903-1905. Band IV. 1914. 
liber den Scbluss der Sekllndaren Medullarfurcbe und die Genese der Neurallelste. Vei> 
handl. Anat. Ges. 22. 1918. "Histogenese und Morpbogenese des perlpheren Nerven- 
systems, der Spinalgangllen und de«s Nervus sympatbetlcus.” Handbucb der Verglelch, 
und experiment. Entwlckeliingslebre der Wlrbeltbiere. Hert^vdg. 1000. 
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with the more caudal cues in owing its origin to delamination from the 
medullary fold. 

In the quintal aiilagc the siilcns is conspicuous and its horizontal por¬ 
tion is associated with a ridge-like projection (Plates XXT and XXIX) 
in the angle between neural plate and somatic ectoderm, which yet 
reveals its closer affinity to the neural plate by blending with it at both 
of its extremities in the four-somite embryo. It then appears subtended 
by a longitudinal furrow, and differs more in size than in any essential 
character from the more caudal ganglionic crest. 

Finally, the optic vesicle, a pure evagination, presents at an early 
stage much resemblance to the quintal anlage (Plates XXIV and 
XXVTII), from which it differs chiefly in size and in the more ventral 
position of its sulcus. 

We see in these anlages a series of structures, passing by gradations 
from the delaminated ganglionic crest through the acoustico-facialis and 
quintus to the optic vesicle, which is formed by evagination alone. It 
seems to us, therefore, that the primitive neural plate in the eat gives 
rise both to the neural tube and to the ganglionic crest, the latter being 
a derived and secondary element and not a coordinate intermediate be¬ 
tween the medullar}^ plate and the somatic ectoderm. In the forebrain 
elements equivalent to the ganglionic crest are retained in the wall of 
the vesicles and constitute the dorsal region of the neural plates, for if 
the crest secondarily separates from the neural tube, in regions where 
such separation fails to occur, it is more probable that the crest is in¬ 
cluded in the Iwain than that it has been absolutely suppressed. -.4c- 
cortUnghj, the analysis of the prosemephalon is not to be attempted in 
terms of the basal and alar plates alone, as has been (usiomarij sime Ilis, 
hilt must include a dorsal or edal strip equivalent to the yanglionu (rest 
along its convex! //, and this must include at least as mudi of the brain 
wall as lies ectal to the optic sulcus. This ganglionic element (the 
primitive optic vesicle) at four somites forms the cephalic extremity of 
the neural fold, and arches ventrad to the floor. If our argninent is 
correct, the optic vesicle and the ectoptic structures, whether above, in 
front or below the optic region, must be considered of ganglionic e(]uiva- 
lency, a conclusion which entails a revision of His^s analysis of the brain. 

The question of the substitution of mesectoderm for a neurogenic 
ganglionic crest in the prootic region in mammals can hardly, we believe, 
receive an affirmative answer in view of the conditions observed in the 
cat, for we find quite generally the separation between ectoderm and 
neural tube clean cut, and the space between these structures unoccupied 
by cells. The mesectoderm of the ichthyopsid and sauropsid embrj’o, 
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described by XealJ Johnston,^ ITeumayer,® and others, is, perhaps, not 
altogether fortunately designated ganglionic crest, for these investigators 
describe it as taking origin from an intermediate element, interposed 
betv'ccn neural tube and eetodenn and derived from both of these 
structures. On the other hand, the ganglionic crest in the trunk in 
saurojjsids (Neuinayer) as well as in the cat is a derivative from the 
nenraxis, as in the latter form are also the cranial ganglia. It would 
seem, therefore, that having slightly different derivations the mesecto- 
derm and the ganglionic crest ought not absolutely to be homologized. 
Neumayer has formulated this standpoint clearly, as follows: 

‘*So zeigt sich im Aufbau des cerebralen Telles der Ganglienleiste, sowelt sle 
dem Archeneeplialon und dem praedtlschen Gebiet des Hims angehbrt, ein 
Verhalten, das aioh moi-phogenetiscbL wesentlich von den einfacheren VerhSlt- 
nissen im postotischeii und spinalen Gebiet unterscbeidet Ich kann mich iiber 
die Vorgilnge bier im Anschluss und die oben (p. 452) gemacbten Angaben in 
Kiirze fasscn. Entsprechend dem im spinalen Gebiete anders erfolgenden Ver- 
schlusse des Medullarrobres wird das zum Aufbau der Ganglienleiste notwen- 
dlge Zellmaterial bei Grocodilus madagascarmisia und EmyB lutaria nur vom 
Dache der Medullaranlage geliefert; die so entstandene postotiscbe Ganglien¬ 
leiste ist demnach wesentlich verschieden von der cerebralen praebtischen. Sie 
entbehrt des primiiren. aus Bxoderm und Medullarwand entstammenden An- 
teils xmd enthiilt nur jene Elemente, welche in die cerebrale praebtlsche Gang¬ 
lienleiste sekundiir eintreteii. 

“Hiehzu kommt auch eln tJnterschied in den Leistungen der beiden Gang- 
lienleisten: von ihnen llefert die cerebrale, praebtische in gleicher Weise Ner- 
ven und mesodermales Gewebe fiir daw prUotische Kopfgebiet, wahrend das 
spinale, postotiwche Ganglienleistensystem einzig Nervengewebe aus sich her- 
vorgehen lasst."' 

In the cat, the paraxial mesoderm of the head is abundant and very 
early becomes loosely arranged, extending dorsad and forcing its way 
into the cleft between the ectoderm and the dorsum of the neuraxis. 
We have stated that at the time of separation of these two structures, 
their demarcation was sharply defined and without intervening cells, nor 
were we able to find mesoderm at any time in this situation, which was 
not continuous ventrally with the general mesoderm of the head. This 
lack of evidence of the formation of meseetodcim in the cat inclines us 
strongly to accept Xeumayer’s distinction of a primary and secondary 
probtic ganglionic crest, the former (mesectodenn) being xmdeveloped 

^ H. V. Neal : “The Segmentation of the Nervous System In Squalns Acanthlas,” Bull. 
Mus. Comp. Zool. Cambridge, Hass., Vol. XXXI, No. 7. 1898. 

® J. B. Johnston : The Nervous System of Vertebrates. Philadelphia, 1906. **The 
Morphology of the Forebraln Vesicle in Vertebrates,” Jour. Comp. Neurol, and Psychol,, 
Vol. XIX, No. 5. 1909. 

»L. NECMArsa: Op. tit, 1914, p. 4C0. 
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in the cat, the latter arising from the iieuravi^ \)\ delamination com¬ 
bined with the evaginatioii constitutes the ci*aiuiil ganglia, and at the 
extreme cephalic pole, failing, we l)elie^e, to separate remains incor¬ 
porated as the primitive optic vesicle. 

CLOHUiE or THE Xeural 'Fl'be 

At the extremities ot* the axis the elevation of the neural folds may 
be resolved into two acts. Cephalad the median or l)asal portion is first 
elevated, while laterad the plate has still a horizoiital direction. This 
condition is present in the embryos of two and three somites (Plate 
XXIII, Pig. .2). The condition seems to be the effect of modeling of 
the ectoderm upon the paraxial accumulation of mesodenn. At four 
somites (Plate XXA7T, Pig. 1) the fold is erect in its whole extent and 
rises well above the mesoderm, the somatic ectoderm being closely applied 
to the neural plate in its dorsal half. Caudad tlie process differs; the 
lateral part of tlie plate is first elevated at some distance from the median 
line (Plate XXVII, Pig. 1, and Plate XXVII, Fig. 2) and forms a low 
wall for the broad rhomboid fossa. When the tube closes here, its diam¬ 
eter is much less than the width of the fossa would lead one to expect. 
This is suggestive of the possibility that the lengthening of the tube is 
not due alone to axial growth, but may be assisted by a rearrangement 
of the material of the neural plate in the sense of a shift towards the 
median line so that the plate is extended caudad as it narrows. The 
elevation of its lateral margins is associated with the moderate entypy 
of the blastoderm and the early completion of the amnion at its (‘uiulal 
end. 

The neural folds first meet in the region of tlie future mesencephalon, 
but their closure is not simply ])rogressive from this point in botli 
directions. On the contrary, it is incident siinnltancously at several 
points which may he rather widely separated. In the oiglit-bomile 
embryo, in addition to the closure of the midbrain, whicli extends from 
the optic anlage to the quintal ganglion, there is a second closure be¬ 
tween the quintal and acoustico-facial anlages; and again, after an inter¬ 
val, at a third point the folds seem on the verge of meeting (Plate 
XXA'^IT, Fig. 2). There is also some fusion cephalad at the ventral 
margin of the nenropore. This is of some theoretical importance and 
diminishes the significance of the neuropore as a morphologic landmark. 
The gaping of the tube in the region of the optic and quintal anlages 
suggests that such stimetures in some way delay closure, but as the 
neurosomatic junction is now sharply defined, it is diflBcult to believe 
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that this is in the interests of a hypothetical inrolling either here or in 
the optic vesicles. 

At nine somites the nenropore is shorter, by reason of closure at both 
its ends but chiefly eaudad. Its extremities now lie in the same vertical 
plane. The quintal hiatus is closed at two intermediate points, present¬ 
ing three small orifices (Plate XXXI, Fig. 1). Caudad to it a short 
segment of the tube has closed. A small hiatus is present in the region 
of the acoustico-facial ganglion. This embrj^o, therefore, gives addi¬ 
tional evidence of the retardation of closure in regions of large ganglia. 

Further irregulaiities are shovm in Plate XXXII, Pig. 1, and Plate 
^XXTTI, Fig. 1, in the trunk region, and in Plate XXXIIT, Fig. 2, 
and Plates XXXIT-XXXTI in the anterior neuroporc. As this latter 
closes ventrally as well as caudally, and irregularly in the intermediate 
portion, it seems difficult to consider that its region of latest obliteration 
has any fundamental morphological importance or can at all properly 
be used to determine the cephalic extremity of the neuraxis, which is 
certainly deflected ventrad. Further, if the wall of the neural tube is 
divided into basal and alar plates, its cephalic pole ought to be the most 
cephalic point in their line of union, L e,, in the terminology of His, 
the cephalic extremity of the sulcus limitans, when this sulcus can be 
recognized. It would seem, therefore, that wherever this point is local¬ 
ized it cannot be situated in the raph6 which throughout its length is 
assumed to be a suture between the summits of the alar plates, or, if 
our interpretatio]! prove connect, in the forebrain, between retained gang¬ 
lionic zones. To accept the last point of attachment of the ectoderm 
marked by the recessus neuroporicns as the extremirt of the axis, implies 
that the raphe below this point is a suture between the basal plates, 
although it has never l')een shown that they were primitively cleft; 
further it would seem the nec'essary consequence of the acceptance of 
this landmark (recessus neuroporicns) that the mammillary and in¬ 
fundibular regions and the ventral half of the optic vesicles themselves 
\fere derived from the basal laminie. To accept the recessus neuroporicus 
as the ontogenetic pole of the brain seems, therefore, to disregard the 
ventral deflection of the neuraxis and the composition of its wall of 
basal and alar plates. In His^s three months^ embryo (Ho. 7 of Zieglerts 
series of models) the sulcus limitans passing forward in the midbrain 
is continuous with a furrow which arches ventrad and reaches the mid¬ 
line immediately in front of the oculomotor nucleus. This, we believe, 
is actually the sulcus limitans demarcating the alar and basal laminss 
and reaching the midline where the latter ceases to give evidence of its 
existence, L e.. immediately in front of the oculomotor nucleus, the most 
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cephalic structure which by its derivatives can be assigned to the basal 
plate. A second furrow, not connected with the foregoing, extends 
across the wall of the thalamencephalon, nearly horizontally, to the fora¬ 
men of Monro. This sulcus of Monro, His interpreted as the continuation 
of the sulcus limitans. The interpretation we have suggested is at least 
as concordant with his observations and does not entail morphologic im¬ 
possibilities. 

In order to facilitate the comparison of these divergent interpretations 
we subjoin two schemata; the first (Fig. 1) is based on the well-known 



Fig, 1 .—Bcihema of the composition of the encephalon in terms of hasal and alar plates 

of His 

1. Basal plate. 2. Alar plaie. 3. Sulcus limitans. 

figure of His; the second (Fig. 3) illustrates the region of the neuraxis 
which must be assigned to the ganglionic crest on the basis of our in¬ 
terpretation. We have retained from His^s figure the sulcus limitans 
as it appears in later stages of development for the purpose of defining 
the basal plate, although in the period of development of the eat covered 
by oux series of embiyos this furrow is not even indicated. 

PROSEN-OEPHALOlSr 

The elevation of the neural folds at their cephalic extremity is accom¬ 
plished in two phases, affecting first their basal, later their akr portions 
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(Plate XX11, Pig. 2; Plate XXIIl, Fig. S, and Plate XXVIL Fig. 1). 
The process is completed in the embryo of four somites. Two conspicu¬ 
ous landmarks are now present—^the tubercle of the floor and the optic 
sulcus. Corresponding to the latter is a thick-walled evagination, the 
optic vesicle (Plate XXIV). This anlage resembles those of the quintal 
and acoustico-facial ganglia and is peculiar only in the course of the 
sulcus, which here approaches the floor at its cephalic and not its caudal 
extremity, as in the case of the other ganglia. The tubercle of the floor 
intervenes between the terminal poiiiions of the optic sulci. Ventrad it 



Fig. 2 .—Schema of the compoHtion of the encephctlon in terms of hasaZ and aJar plates 

and gangliondo zone 

1. Basal plate. 2. Alar plate. 3. Sulcus limltans. 4. Ganglloolc zone, 

is in relation with the blind extremity of the foregut; the stomodaeum 
approaches, but hardly reaches it, from in front. By means of these 
relations the tubercle is easily recognized in succeeding stages, when 
ultimately it forms a transverse ri^e intervening between the mam¬ 
millary and infundibular regions. 

The wall of the optic vesicle is divided by the sulcus into a ventral 
portion adjoining the floor plate and an ectal zone extending to the 
neurosomatic junction, and therefore forming the summit of the medul¬ 
lary fold and later the lateral lip of the neuropore. Ventrally this zone 
joins the tubercle of the floor, which so constitutes the ventral neuioporic 
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lip. It is obvious, but important to note, that the optic vesicle at this 
stage forms the cephalic extremitj' of the neuraxis. Preoptic structures 
in consequence must bo derived secondarily, either from tlie ectal zone 
of the optic vesicle, or by inrolling of somatic ectoderm al the neuropore. 
Of the latter process there is no evidence in the cat, and this alternative 
seems excluded l)y the abrupt character of the neurosomatic junction. 
We may, therefore, confine our attention to the optic vesicles and sum* 
marize the changes by which they give rise to an ectoptic zone which 
includes the anlages of the thalamencephalon, telencephalon and the 
infundibular region, ilost striking is the progressive and absolute re¬ 
duction in size of the optic vesicles, which are actually smaller at the 
stage of sixteen somites than they were at eight. Coincidently they cease 
to occupy the whole vertical extent of the wall of prosencephalon and 
become relegated to a ventral position. The nature of these changes, 
especially the reduction in size of the optic vesicle, permits of but one 
interpretation, namely, that the ectoptic zone is formed at the expense 
of the vesicle. A similar remodeling of the ventro-caudal portion of the 
vesicle gives rise to the infundibular region. 

As the tubercle of the floor constitutes the extremity of the floor-plate 
and at the same time the primitive ventral lip of the neuropore, it is of 
prime importance to ascertain its position in subsequent stages of de¬ 
velopment. It is easily recognized by its thickness and its interposition 
between the ventral ends of the optic sulci. At first, also, it is abutted 
upon by the (ul-de-sac of the foregut which, however, rapidly recedes 
from it, at eight somites only reaching its caudal exti*emitj^ and at ten 
somites teiiniuating beneath the midbrain. 

In Plate XXXIX, Fig. 1, the ental surface of the brain is shown l)y 
a mid-sagittal section of an eml}r 3 ’() of eight somites. The tubercle of 
the floor (2) forms the ventral lip of the neuropore; its cephalic ex¬ 
tremity is connected with the suprasulcal portion of the optic vesicle of 
each side. From the parieties it is separated by the shallow ])rolongation 
of the optic sulcus which terminates in a depression of the floor, imme¬ 
diately behind the tubercle and above the foregut. There is, as yet, no 
corresponding elevation of the ectal surface; the recess is the first evi¬ 
dence, in our series of the mammillary region (17). In the embryo of 
ten somites (Plate XXXTX, Fig. 2) these fundamental relations are 
still recognizable, although important changes have supervened. Coin¬ 
cidently with the ventral deflection of the extremity of the neuraxis, the 
tubercle of the floor {2) has assumed a vertical position. A considerable 
degree of closure has been effected ventrally in the anterior neuropore, 
so that the tubercle no longer constitutes its ventral lip. The mammil- 
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lary recobb (77) is better defined, the mammillary eminence projects 
laterad but scarcely as yet foims a prominence in the mid-venti'al line. 
As a consequence of closure ventrad in the neuropore and of the ventral 
deflection of the optic vesicles, a prominent angle is formed immediately 
below the tu])ercle of the floor, which now intervenes between the trv'o 
recesses, the maimnillary above and the one just described, the infundibu¬ 
lar (18), below. The optic sulcus meets the floor-plate in the infun¬ 
dibular region, but a shallow prolongation can still be followed beside 
the tubercle of the floor. Tn the embryo of twelve somites (Plate XL, 
Pig. 1), slight cliangeb lia\e supervened. The floor as a whole is thinner, 
which may be taken as an expression of the expansion of the cavity, and 
the tubercle of the floor (2) is no longer a conspicuous thickening. The 
infundibular region (75) has increased in size and its cavity is more 
widely confluent with that of the optic vesicles. Coincidently the terjiii- 
nal portions of tlie optic sulci undergo reduction and lose their intimate 
relation to the tubercle of the floor. A very faint furrow may lie fol¬ 
lowed from the optic vesicle across the parieties just above the remnant 
of the tubercle, while the main line of the optic sulcus extends into the 
infundibular region. The tubercle of the floor is now losing its de¬ 
marcation from the parieties with the effacement of the primitive ventral 
segment of the optic sulcus, and from this period appears as a transverse 
ridge intervening beriveen the mammillary and infundibular regions. 
It is, therefore, evident that the mammillary region arises from the 
cephalic extremity of the primitive floor-plate and that the infundibular 
region is a derivative of the primitive optic vesicles. 

Not only ventrally but also dorsally the periphery of the optic vesicle 
undergoes a remodeling and important new conditions are established. 
First, a prominence is formed immediately in front of the anterior 
isthmian sulcus, the thalamencephalon, and subsequently the telenceph¬ 
alon emerges in front of this. The two elevations are separated by a 
slight depression, the first indication of the velum transversum, from the 
stage of thirteen somites, the earliest period at which the telencephalon 
is recognizable. Both of these structures appear in the lip of the anterior 
neuropore prior to its closure in thoir respective regions, and are accom¬ 
panied by a recession of the optic vesicle from the margin of the medul¬ 
lary plate and, what is of major importance, an absolute diminutiou in 
the size of the vesicle. This is well marked in the period of from ten 
to sixteen somites when the thalamencephalon, telencephalon and infundi¬ 
bular region are well defined and the optic vesicle reaches the margin of 
the neuraxis at only a single point between the infundibular region and 
telencephalon. From this period the ventral pole of the vesicle slowly 
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recedes from the margin, and the telencephalon becomes continnons with 
tlie infnndilmlar region. There has thus been formed from the periphery 
of the vesicle a series of derivatives Avhich constitute an ectoptic arcade 
and in each case the ])rocess has been the same, a remodeling of the 
primitive optic vesicle, so that its central region ultimately constitutes 
the definitive vesicle, while its periphery becomes allotted to the anlages 
of the other elements of the presence])halon which are, therefore, ectoptic 
in their arrangement and cannot ])e reduced to a linear series of neuro- 
meres referred to the longitudinal axis of the neural tube. We have 
now bummarized the ontogeny of the forebrain as it appears in our series 
of embiTos of the eat. ft is hardly necessary to add that we are not 
offering these conclusions as an explanation of the phvlogeny of the 
mammalian brain. 


^Mesencephalon 

Closure of the neural tube and its separation from the ectoderm are 
accomplished first in the midbrain. As elsewhere, the resulting roof is 
concave. The concavity is present in the whole length of the neuraxis 
hut its degree increases cephalad and is most conspicuous in the fore¬ 
brain. In the mesencephalon it is marked and persists to the stage of 
sixteen somites; it is associated with a sagittal ridge which depends into 
tlie lumen entallv- In section the ridge is often constricted at its base 
of attachment and occasionally a fragment of it is found separate as a 
small group of cells within the neural canal. In the embryo of eight 
somites tlie mesencephalon (15) is closed in half of its extent and forms 
the highest region of the neural tube (Plate XXVII, Pig. 3). At nine 
somites the closure is complete, the raidbrain has lengthened and its 
height has markedly diminished (Plato XXXI, Pig. 2, 25). A com¬ 
parison of these two embryos throws some light upon the nature of these 
changes. The distance between the quintal anlage and ResscFs pocket 
is the same in both models, hut the interval between the 0 ])tic vesicle 
and the quintal ganglion has markedly increased, the axis of the optic 
vesicle has altered and the forebrain has come to project strongly ventrad 
at right angles to the rest of the neuraxis. These facts taken in con¬ 
junction with the diminished height of the midbrain cannot be ade¬ 
quately interpreted on the principle of nnequal growth alone. It must 
be taken as the expression of a remodeling of the whole region, in par¬ 
ticular a lengthening of the dorsal portion of the midbrain without cor¬ 
responding increase of its ventral parts, in consequence of which the 
optic vesicle has not only been displaced but rotated through 90® and 
the neuraxis has been bent ventrad in the region of the forebrain. There 
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are no signs of compression in the mesencephalon but the slight bnlge 
of the mammillary region is, perhaps, the result of flexure. 

In embryos of ten to twelve somites (Plates XXXII and XXXIII), 
the mesencephalon acquires a triangular profile, demarcated from the 
hindbrain by a shallow constriction which gradually becomes pronounced 
and has a vertical direction (the posterior isthmian sulcus 2S). The 
anterior isthmian sulcus {22) is horizontal and forms a sharp boundary 
against the mammillary region but becomes shallow cephalad near the 
pole of the optic vesicle. A slight transverse depression of the roof 
separates the midbrain from the thalamencephalon (Id). The walls are 
convex and entally show nothing which can be taken for the sulcus 
limitans of His. Ventrad the isthmian sulci converge to the angle made 
by the forebrain with the floor of the neuraxis. 

In the thirteen and fourteen somite embryos (Plate XXXIV), the 
mesencephalon is gradually bent ventrad and comes to form the most 
cephalic point of the brain. Tlhs bend is associated with clear evidences 
of compression in the floor of the hindbrain. In the sixteen-somite 
embryo (Plate XXXV), the mesencephalon has been carried slightly 
beyond the crown of the cephalic arch and conjointly with the prosen¬ 
cephalon {19) makes a right angle with the hindbrain. The isthmian 
sulci now converge at an acute angle and the midbrain reaches the ventral 
margin only by its pointed extremity. Atj this stage, a nuchal bend is 
well defined and the effects of compression upon the mesencephalon are 
at a maximum. Prom this period to that of twenty-one somites, the 
midbrain lengthens in its dorsal segment and chiefly in a cephalic direc¬ 
tion, as is shown by the alteration in the angle at which the anterior 
isthmian furrow meets the floor as well as by the increased flexure of 
the forebrain (Plates XXXVI-XXXVIII). We have described the mid¬ 
brain as a single segment without subdivision into neuromeres, for, 
though we have searched for evidence of a constriction, we have been 
able to find none in any of our embn’os save that of ten somites, No. 
476, and here with less certainty than could be wished. A faint con¬ 
cavity was present between the isthmian furrows and inclined so that 
its continuation would have bisected their angle and divided the mid¬ 
brain into a slightly larger cephalic and smaller caudal portion. It was 
confined to the dorsal portion of the neural plate without, however, 
causing a depression in the roof. The brain in this embryo was some¬ 
what spirally twisted to the right and the depression in question was 
not quite symmetrical on the two sides. For this reason and because 
in aU our other embryos the midbrain attains its greatest width precisely 
in the region where this exceptional furrow appears, we are inclined to 
attribute its presence to the unusual twist of the head. 
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RiioAi Bi:N(‘i:iMrAL()N 

^riio large ganglia oT the (juiiilus, aeoiuslieo-facialis and profundus, 
\^hic‘ll develop in the order named, are absoeiateil in tludr ineoptiou with 
siilei. Those, hogiiiiung near tlie neiirosoinatie jiiiietion, and ai first 
parallel to it, e\eutuall\ turn \entrad pursuing an ohliipie eoui^se across 
the luednllary fold, Mach furrow is thus composed of a ceplialic 8eg- 
nienl, intimaiely concerned in the forination of the ganglia and a caudal 
portion whicli, liecojuiiig broad and shallow, occasions a dilatation of 
tlio iienraxis. As the tube closes three oblifjue seginenis are foriiied. 
In the einhr\o of ten somites (Plate XXXll, Fig. *’2), where we were 
first able to recognize the profiindiLs anlage distinctly, four segments 
were jireseiit. The first (oJ) is triangular in form with base ventrad, 
extending from the posterior-isthmian sulcus to the ohliijiie furrow at 
the summit of wliieh is the profundus ganglion (oV?). ^I'iiis clement lias 
no ganglion associated with it developinenlally hut owts its demarcation 
to the establislmient of a caudal boundary of the luidhrain in the poste¬ 
rior isthmian sulcus. It is followed by three obliipie ganglionii* segments 
which are the expression of the oblique caudal portions of the ganglionic 
sulci in the interior of tube. Externally three obliciue intm’segimmtal 
constrictions are present, so tliat the third ganglionic segment lacks a 
caudal boundai}" and merges into the relief of the myelencephalon. The 
ganglia are situated at the summits of these furrows and are a(*corcUngly 
intersegmental in their points of attachment, as was first pointed out by 
Miss Platt.^*’ 

This configuration is retained to the stage of Uiirtoon somites. lu 
those embryos, and very vaguely in the more advanced embryos of twelve 
somites, the surface of the neural iube behind the ganglionic segments 
becomes marked by alternating constrictions and dilatations, ''riuw, in 
marked contrast to the ganglionic segments, arc vertii*al in position and 
correspond to the mosoilcrmic somites which abut upon tlie neura^is in 
the intervals between the dilatations. These vertical segments are un¬ 
doubtedly the inyelomeres of McClure” and are widely dilTereut struct¬ 
ures from the oblique ganglionic segments of more (*ephalic ])ositioTi. 
Primitively the tw^o series are separated by a consiilerable interval which 
is not effaced until the stage of fourteen somites, the most cephalii* 
myelomeres being relatively late in appearance. Their retardation, we 
believe, is due to the small size of the moboderinie somites in this region, 

B. Platt: “A ConipilnitIon to tlio Morpholouj' of the Wrtebmte Head bafted on a 
Study of Acanthins Vulgaris.” Jour. Morpb.. Vol. V. 1801, 

“C. F. W. McClurl: “The Primitive Segmentation of the Vertebmte nraln.** Zool. 
Anz. Jalirg., Yol. XII. ISSO. 
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SO that they are slower in producing an effect upon the modeling of the 
nenraxis. Tliere is besides some evidence in the cat that somites are 
added at the ceplialic end of the series, which also would serve to explain 
the retardation of the corresponding myelomeres. We are assuming that 
the segmentation of the neuraxis into myelomeres is ontogenetically 
secondar)" to the segmentation of the mesoderm, a view which receives 
support from the fact tliat the number of mj^elomeres always lags behind 
that of the somites, as well as 1)y the fact that where the somites are 
small and possibly retarded in appearance developmentally as in the 
region just considered, there also the myelomeres are late in appearing. 

It is possible, therefore, to recognize two principles of segmentation 
in the deuterenceplialon; the first incident to the formation of the 
cranial ganglia, the second associated with tlie segmentation of the 
mesoderm, for it is to be noted that the appearance of the ganglionic 
segments long antedates the braiichiomeric segmentation. When, there¬ 
fore, the series of myelomeres becomes contimious with the ganglionic 
segments the result is not a meristic series of equivalents but com]mbes 
structures diverse in their genesis and heterogeneous in their products. 

In the stage of fourteen somites, the boundary bet^’^een these two 
series is gradually effaced and important changes supervene in the gang¬ 
lionic segments. The first and second of these become subdivided veu- 
trally. This is initiated in the first segment at the stage of fourteen 
somites, in the second segment at nineteen somites. The third main- 
tains itself as a small dilatation immediately in front of the first somite. 
These changes coincide with the formation of the pontine angle, the 
surface of which is marked by five elevations corresponding to the third 
ganglionic segment and the subdivisions of the first and second. Tn 
addition a small prominence, corresponding to the first myelomere, is 
situated immediately caudal to the last of these elements and is also 
recognizalfie at tv^enty-one somites (Plates XXXYII and XXX^TTI). 
If we now add to our reckoning the pre-ganglionie segment abutting 
upon the posterior isthmian sulcus, a total of seven elevations is reached 
for the hindbrain, a number within the limits of the count given by 
students of the region in mammals, variation in which might well depend 
upon the age of the embryo studied. 

It would seem, therefore, that these elevations correspond to the 
neuromeres of authoi-s. We have endeavored to show that they are 
secondary and heterogeneous. 
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Annotations op Leaders on all Plates 

1. Optic sulcus or reside. 

2 . Tuberde of tbe floor. 

S. Quintal sulcus or ganglion. 

Sa. Profundus ganglion. 

4. Acoustico-fadal sulcus or ganglion. 

5. Medullary plate or medullary fold. 

6. Primitive groove. 

7. Somatic ectoderm. 

8. Anterior neuropore or its vestige. 

9. Quintal Matus. 

10. Acoustico-fadal Matus. 

11. Other Matus in line of closure. 

12. First ganglionic segment. 

12a. First ganglionic segment; its cephalic portion. 

12t>. First ganglionic segment; its caudal portion. 

IS. Second ganglionic segment. 

ISa. Second ganglionic segment; Its cephalic portion. 

181). Second ganglionic segment; its caudal portion. 

14. Third ganglionic segment 

15. Mesencephalon. 

16. Thalamencephalou. 

17. Mammillary region. 

18. Infundibular region. 

19. Telencephal<m. 

20. Ganglionic crest. 

21. Bhombold fossa. 

22. Anterior isthmian sulcus. 

28. Posterior isthmian sulcus. 

24 . First myelomere. 

28. Vdum transversum. 

27. Bzcrescence associated with vestige of anterior neur<^re. 

28. Begion of transition between somatic ectoderm and neuraxis. 

29. Mesoderm. 

50. Entoderm. 

51. Preganglionic segment of deutexencephalon. 



J'LATE XXII 

SMTKINS (lie I MUinOh linifORlJ AND AlflM SEOMKNTATION 

Fdi. 1. Trausvorse soclion of an embryo prior to the apiKsaranee of luter- 
homitk* eledh. 

Columbia (''olleetion No. 650, slide 3, vow 4, section 7. X160. 

6. Medullary idate. 7. Somatic cetodem. 28. B^n of transition. 
20. Mesoderm. 30. Entoderm. 

Wo. 2.--Transverse Bwllon of an embryo of one somite*. 

Columbia (lolleetion No. 594, slide 6, row 2, section C. X 1150. 

5. Medullary plnle. 7. Somatic ectodonn. 2S. Region of transition. 
29. Mesoderm. ;](). Entoderm. 




^ JLL ME n \ir XXII 



•JI I 



PLATR XX m 

KhOTIONK Oil' LMIlKYCm WITH TWO AND TUttKB SOMITES 

I. 'I'riUis\(‘rs(‘ s('<*li<ni of an embryo of two somitos. 

OohuiiMii (’ollt'clioii No. EKW, slide 5, row 4, section 4. x I®** 

5. JledulUui’ plate. 7. Somatic ectoderm. 2S. Eesjlon of transitiou, 
sbowhic: presence of n shallow furrow. 29. Mesoderm. 30. Ento¬ 
derm. 


2.—Transverse section of an embryo of tliree somites. 

Columbia Collection No. 593, slide 5, row 4, soetloii. 4. x 150. 

3, MiKlullary plate. 7. Somatic ectmlerui. 2«. Eeglou of transition. 
29. Mesoderm. 30. Entoderm. 








rLATia XXIV 

TUANSVICaSE fiJXTION, EMKItYl) Ob’ POTJB S01IJTR8 

Traubverso socttou of tho embi’yo of four soinitos, Oolumbk Oolloetiou No. 40i), 
slide 5, row 0, section 10, passing tliroTigli tbe optic vesicle. X180. 

1. Optic sulcus. 2. Tubercle of the floor. 5. Medullary fold. 7. Somatic ecto¬ 
derm. 








I'LATE XXV 

'iiuNs\i-nsi< M'cnroN, imbuyo oit iouk somius 

Triuis\oiso s« (l<in of the eml)i.vo of four homiles, Columbia OoUectlon No. 409, 
sllilo 5, row sofllou ]wss)n? tliroucth the (juiulal nnhuces X150. 


3. Quintal sulcus. 5. Mcdulbiry lold 7. Somatic cstoda'm. 






r*UTK XXVI 

'IBANSMSBSE HtCTKK'I, KMIIIIYO OF FOOB ROMITLS 

Transverse section of the cmliryo of four somilos, Columbia Collection No. 400, 
slide n, row 2, section 10, laissin;; tbrouah tbe acoustlco-facial anlages. 
X150. 


4. Acoustlco-faeial sulcus. ,'5. Medullary fold. 7. Somatic ectoderm. 
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PLATE XXVII 

BECONSTBtJCTION OF NEHRAXIS OF EMBRYOS OF FOtfR AND EIGHT SOMITES 

Pro. I.—Roeoiistmctiou of on erabrj’o (»1 font* soiniU's. 

Colmnliiii (’olli'olioii No. lOfl. ^ 210. Uodiiopd *yi. 


Pio. 2.- lleconstruction of the ncuvaxls of on embryo of eight somites. 

(’olumbla Collodion No. 530. Dorsal view. X 210. Eefluped %. 


Ftn. 3.—Same reconstniction, Lateral licw. X 210. Reduced 

1. Optic vesicle. 2. Tubercle of the floor. 3. Quintal anlago. 4. 
Acoustlco-fiu'ial anlage. 5. Medullary' fold. C. Primitive groove. 
8, Anterior neuropore. D. Quintal hiatus. 12. Pimt ganglionic 
segment. 1.3. Second ganglionic segment. 15. Mesencephalon. 
21. Rhomboid fos.sn. 31. Pr^angllonlc segment of deuterenceph- 
alon. 






1*1,mi xxvm 

IBWSM KSI Sl( MON, I MlSUiO (M KK-llT &OMIMS 

Tians\erso section pav,lua! throiil?h the optic vesicles of an embryo of eight 
somites. 

('(Uumbia Collection No. 530, fdldo 5, row 3. section 8. X 


1. optic solrtw. 5. Mwlnllary plate. 7. Momnllc ectoderm. 




\jrLMLXXn ILVIE XXMII 




PFaiVTH XXIX 

TltANSVEBNE SKOTJON, EMllBYO OF lUdllT HItMITES 

Triuisvei'se sectlou passing througli Oie aulage of the quintal ganglion of an 
embryo of eight somites. 

('olumbia Collection No. S)S0, slide C, row 2 , section 5. X 150. 

1. Optic sulcus. 3. Quintal ganglion (the sulcus is still present). 5. Medul¬ 
lary plate. 7. Somatic ectoderm. 
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ITiA'I'R XXX 

'IKANHVKRSE HKCTION, KMIIUVO OE KKillT SOMITES 

Transverse section iiasslng througli the anliigos of the acoustico-fadal ?au!{liii 
of an emluTO of eight somites. 

Columbia Collection No. 1580. slide 4, row 2, section 1. XIRO. 


4 , Acoustico-faeial ganglion (the suloms is slill in’osent). 15. Medullary plate. 
7. Somatic ectodenn. 
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PLATE XXXI 

ItKOONSTRUCTION Olf NEURAXIS OF EUBllYO OF NINE SOMITEH 

Fi(j. 1.- l>ors!il view. Columbia Collection No. 531. X 210. Reduced %. 

Fro. 2.—Lateral view. 

1. Optic vesicle. 3. Quintal ganglion. 4. AcousticO'facial ganglion. 
7. Somatic ectoderm. 8. Anterior neuropore. 9. Quintal Iiiatus. 
10. Acoustico-facial hiatus. 11. Another hiatus in line of union 
of the medullary folds. 12. First ganglionic segment 18. Second 
ganglionic segment 14. Third ganglionic segment 16. Mesen* 
pcphalon. 10. Thalamencephalon. 17. Mammillary rtgion. 20. 
tlanglionic crest 21. Rhomboid fossa. 








PUT! XXXII 

KMUONSTttUCnON OF NKURAXIS OF KMBBYO OF TEN SOMITES 

t^o. 1.- Dorsal view. Columbia Collection No. 476. x^lO. Reduced %. 

The ucoustico-laoiul gauglitm and the ganglionic crest are omitted 
in this model. 


Pio. 2.—Lateml view. 

1. Optic vesicle. Sa. Profundus anlage. 3. Quintal anlage. 8. An* 
terlor nouroporo. 11. Hiatus in line of fusion of the meduilary 
folds. 12, First ganglionic s^ent. 1.1. Second gangiiouie seg¬ 
ment. 11. Tliird ganglionic .segment. i.>. Meswicephahui. 16. 
Thalameiuvphalou. 17. Mammillary region. 21. Rhomboid fossa. 
22. Anterior isthmian sulcus. 23. Posterior isthmian sulcus. 31. 
I‘r(f augllouk' segment of douterencephaloa 
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PLATE XXXIII 

BECOKSTUUOTION OF NEUBAXIS OF SMBBTO OF TWJCLVE SOICHES 

Fro. 1.-Dorsal A Jew. Columbia Collection No. 334. X210. Beduced %. Tbe 
ganglionic crest is omitted. 

Fio. 2.—Lateral view. 

L Optic vesicle. 3a. Profundus onlage. 3. Quintal anloge. 4. Acous- 
tico-fadal anlage. & Vestiges of anterior neuropore. IL Vestige 
of hiatus in line of fusion of medullary folds. 12. First ganglionic 
segment 13. Second ganglionic segment 14. Third ganglionic 
swnueut 1.". ircseiicejdmlon. 1C. Thglamenceplulou. 17. Mam- 
miliary region. IS. Infundibular region. 20. (langlionic crest. 
21. Rhomboid tossa. 22. Anterior isthmian sulcus. 23. Posterior 
Isthmian snl(‘us. ‘tl. ITegangliouic segment of deutereuc'ephulou. 







PLATE XXXIV 

laCONSTBUOTION OF AblilUXIh OF LMDBYO OF rOUUfEEN SOMITES 

Lateral view. Columbia Collection No. 548. X 210. Iteduced 

1. Optic vesicle. So. Profundus ganglion. 3. Quintal ganglion. 4. Acoustico- 
fiiclul ganglion. 8. Anterior neuropore, represented by a linear adiesion 
of tbe ectoderm. 12a. First ganglion segment; its ccpballc iKirtlon. 12b. 
First ganglion segment; its caudal portion. 13. Second ganglionic seg¬ 
ment 14. Third ganglionic segment 16. Mesencephaloa 16. Thalamen- 
cephalon. 17. Mammillary region. 18. Infundibular region. 19. Tden- 
cephalon. 20. Ganglionic crest 24. Fiist myelomere. 31. Preganglionic 
segment of denterencephalon. 







PLATE XXXV 

BBCONSTItUCTION OV NKVBAXIS OV BMBUYO OF SIXTEEN SOMITES 

liUteral view. Columbia ColIectloD No. 551. X 210. Beduced 

1. Optic vesicle. 8a. Profuudus gaugllou. 3. Quintal ganglion. 4. Aeonstico- 
fadial ganglion. 12a. First ganglionic sogiuont; its cephalic portion, lih. 
First ganglionic segment; its caudal portion. 13. Second ganglionic seg¬ 
ment 14. Third ganglionic segment 15. Mesencephalon. 16. Thalamen- 
cephalon. 17. Mammillary region. 18. Infundibulai r^on. 19. Telen¬ 
cephalon. 20. Ganglionic crest 22. Antinior isthmian sulcus. 23. Poste¬ 
rior isthmian sulcus. 31. Preganglionic segment of deuterencephalon. 




AoLtME xxn, Plate XXXV 




PLATE XXXVI 

KECONSTBUOIION OT NKITBAXIS OV KMIiBYO OF 8EVZNTEBN SOU1XBS 

lateral view. Columbia OoUectioa Na GC8. x ^^0. Seduced %, The em¬ 
bryo is well preserved but flcfonnod by lateral eomprcssiou Incident to 
sectioning. 

1. Qptlc vesicle. 3a. Profundus ganglion. 3. Quintal ganglion. 4. Acoustico- 
faclal ganglion. 8. Vestige of anterior neuroporc. 12a. First ganglionic 
segment; its cephalic portion. 12b. First ganglionic segment; its caudal 
portion. 13. Second ganglionic segment. 14. Third ganglionic segm^t 
15. Mesencephalon. IG. Thalomcncephalon. 17. Mammillary r^on. IS. 
Infundibular region. 19. Telencephalon, 20. Ganglionic crest 31. Pre¬ 
ganglionic segment of deuterencephalon. 
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PLATE XXXVII 


mOCUNUTUtlCTION OV NtitlKAXlS OP KMIIKYO OP NtNmUN HOUITICH 

Fjateral viow. (loliuuWa (Jollectlou No, 502. x 2i0. Reduced {4- 

1. Optic vesicle. 3a, I'rofuudus ganglion. 3. Quintal ganglion. 4. Acoustico- 
fadal ganglion. 8. Vestlgo of anterior neuropore. 12o. Hrst ganglionic 
segment; its cephalic portion. 12&. First ganglionic segment; its caudal 
portion. X3a. Second ganglionic segment; its cephalic portion. 18h. Se^ 
ond ganglionic s(^ent; its caudal portion. 14. Third ganglionic segment 
15. Mesencephalon. 16. Thalammicephalon. 17. Mammillary region. 18. 
Infundlbnlar region. 19. Telencephalon. 20. Ganglionic crest. 24. First 
myelomere. 26. Velum transversum. 81. Pr^ai^lionic segment of deuter- 







rr^TB XXXVIII 

m (WBrRUCTlON OP NEUBAXTH OP I UHll^O (II IWl \l\-ONL lOMHlS 

Ijuli'ml \iow. (’oluiubln Collection No Ths 210 Udhiccil'i. 

1. Optic vehicle. Sa. Profundus stanijlloii ! Omul il {•.tnijllou *1. Acoustico- 
faclol ganglion. S. Vertigo of autuiioi iicmopuio. ]2a. Fii'Bt ganglionic 
segment; its cepUalic portion. ]2?i. First ganglionic segment; its caudal 
portion. ISd, Second ganglionic seguusit; it^ cephalic portion. 136. Se^ 
ond ganglionic segment; its caudal portion. U. Third ganglionic segment. 
15. Mesencephalon. 1C. Tlialumeneeiihalon. 17. Mammillary region. 18. 
Infundibular region. 19. Teleueephaloii. 20. (lungiiouio crest 22. Ante¬ 
rior isthmian suleus. 23. Posterior islluninn sulcus. 27. EscreHcmice as¬ 
sociated with the vestige of anterior neuropore (sih* page .‘l.'ll). .'ll. Pre 
ganglionic segment of deiiteieiiwphiilon 




VOLLME XXIT, PL-T XXXVIII 




PLATK XXXIX 

RECONSTRUCTION OF PORTIONS OF NEURAXIS OP EMBRYOS OP EIGHT AND NINE 

SOMITES 

J. Kticoustructlou of tbe cepballc extremity of the noiiraKis In median 
section to show relief of cavity of the forebrala from an cmbrjo 
of eight somites. 

Columbia Collection No. 530. X 210. Reduced 

1. Optic sulcus. 2. Tubercle of tlie floor. 7. Somatic ectoderm. 17. 
Mammillary region. 

h^g. 2.—Reconstruotion of the cephalic exti’cmlty of the neuraxis in median 
section to show relief of the cavity of the forebraln from an em¬ 
bryo of nine somites. 

Columbia Collection No. 531. X 210. Reduced K>- 

1. Optic sulcus. 2, Tubercle of the floor, 7, Somatic ectoderm. 17. 
Mammillary region. 18. Infundibular region. 




00 




PLATE XL 

KKrONSTBirCTION OF PORTIONS OP Sh\ KAXIS OF KMRllYOH OP TWRLVK AND TWENTY- 

OVK hOMriES 

Fjci. 1.- -lloponstructioii of the <vphallc oxtmuity of the ueurnxis in medhin 
section to show relief of the cavity of the forebrain from an (em¬ 
bryo of twelve somites. 

Columbia Collection No. 547. X 210. Keduced 

1. Optic vesicle. 2. Tubercle of the floor. 7. Somatic ectoderm. Tlie 
cut surface between these two leaders Is the region of adherence 
of the ectoderm to the neural tube. 17, Mammillary region. 18. 
Infundibular region. 


Fio, 2.—Reconstruction of the cephalic extremity of the ueuraxls in median 
scK 2 tlon to show relief of the cavity of the forebmiu from an em¬ 
bryo of twenty-one .somites, 

Columbia Collei*tloii No. 658. X 210. Reduced 

1, Optic vesicle. 2. Tubercle of the floor. 7. Somatic ectoderm. 17. 
Mammillary region. 18. Infundibular region. 







I'LATE XM 

TUANSVUm smiON OF KMDItYO OF SIXTBBSN SOUITKS 

Tram’crse section of an embryo of sixteen somites, showing the closure of the 
neural tube completed prior to the appearance of the ganglionic crest 
Columbia Collection No. 551, slide 4, row 4, section 11. X150. 

5. Neural tube. 7. Somatic ectoderm. 
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HE(^()Rl)S OF MEETINCS 


OF TIIJS 

NEW YORK A(’A1)EMY OF SCIENCES 
January to December, 1914. 

r>\ Euimpni) Otis IIovisy, Rerordxng i^etreAanj 


r> ITS I NESS MEETINO 
5 JANIJAIJY, 1914 

'rhc‘ A(*adeiny uu*i ai j». ai. at the American Museum of Natural 
History, Presitlenl Ceorgv F. Kiinz proHiding. 

The niiiiiiteH of the last business meeting were road and approved. 

''Fho Ibllowing caiulidatos for membership in the Academy, recom- 
rnended by Council, were duly elected: 

AoTivi Mkujjkksiiip 

F. H. Pike, Columbia University, 

R. <J. Ecclcs, ()81 Tenth Street, Brooklyn, 

Uerinaim von W. S('liulte, College of Physicians and Surgeons, 

'riie Iteeording SetM’ctary then reportt‘d from tlie (^ouiicil the reooin- 
inendatioii lliai Mr. Emerson JVIeMilJiii bo eleeted a patron in recognition 
of his dire<d gifts of more* timn $1,000 to the active work of the Academy, 

On motion, ilu‘ Academy unanimously adopted the reeominendatiou, 
and Mr. McMillin was deelare<l a {latron of the Academy, 

The Academy then adjourned. 

Edmund Otis ffovKY, 

Recording Sen'etanj. 

SECTION OF GEOLOGY AND MINERALOGY 
5 Jandaky, 1914 

Se<*tion was called to order at 8:15 p. m., Vice-President Charles P- 
Derkey presiding and forty-three members and guests being present, 

(3t7) 
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AiWNALU Nim YOKK ACAnilMY nj< t<oii^.\rn^ 


Tho minutes of the previous ineoiiim of I ho Scoiioii wore ri'nd and 
approved. 

The following seientilic programine was I lion olforod ; 

Miss Marjorie O’Goimell, A ■Revision ok tiii, (Ikniis Znphmiliit. 
Chester A. Heeds, Tuf, Ooutiis ok rrii; CiriMviiYiin i, Foum v- 

TION OF OKi^Anom V. 

Charles P. Berkey, Tun Okkun ok Some or tiik CoMpnBx 

S'CRticTruiKs OK Tui; ANrrnvr (fvnissEs 

OK i^'nw York. 

fcScjirMARY OP r.VKIJRS 

Miss O’Connell’s paper giivo an aoeoiinl ol a propo.so(] roi lassifioaiion 
of the genus Zaplireiiiw which will eliminate the inoonsisteiioios at pres¬ 
ent extant. 

This paper has been published as pages of Voliuno YXllT of 

the "Annals.” 

Dr. Reeds’s paper was illustrated with hintoni slides showing thin 
sections of oolites, in which ho pointed out lyjncal striioliiri's. Hand 
specimens were also shown. 

This paper was diseussed by Professor Qrabau, Dr. Rerekheinmer and 
Dr. Berkey. 

Dr. Berkey presented a continuation of his jiaper on this sulijeel begun 
late last year, and this section of it was illustrated with lantern slides. 

Discussion was postponed until the ne.s.t nieetiiig owing to tho lack of 
time. 

The Section then adjourned. 

A. B. l*\(.iNr. 

HarrHmi. 


HBCTTON OK BIOfiOOY 
I'i jANinUY, 1911 

Under the auspices of tlie Section of Biology, a general ineoting of the 
Academy and its Affiliated Societies was held in the nniiu h'oturo hall at 
the American Museum of Natural History a( 8:15 i*. .\i. 

President Kunz introduced the Chairman of the Section of Biology, 
Professor Raymond 0. Osbum, who presided. 

The reading of the minutes of tlie last meeting was dispensed with 
and the following programme was then offered; 



jRiwouji^ nr ]ifi]h]T/\(hs 


8-40 


\: o\ TiHii IMltdoun Skull vntd Tin: Oukux of Mak 

Henry Fairfield Osborn, (jMHOdicM. Aow wd SifccnssuLV oi^ TAuly 

Huai \n Typbh. 

J.Leon Williams, 0\ qin Ph'idonw \nd otuth Puliiirtoiuo 

SkirLLS. 

E. Broom, (‘lU'iioi! oi Klitii's wd Smitif Wood- 

W VUJ)\s lilSTOHATlONS OF TlfE PiLTDOWN 
Skull. 

William K. Gregory, 'Fin B\-.i o\ Miib (’imnii'm jv A NTiiitomiDS 

VNi) Man. 

SUAIM Vin OF P VPKUh 

I^Ik* sul)stiiin(‘(‘ of Pi'oIVssor OshonFs papur will uppoar in Volume 
XXVI of tlio 

Dr. Williams «avo a ('arofnl statoiiuait ol tin* oRsoiitial fads rof>anlin<^ 
llio (liscovory of tlio IMItdowii ivmaiiis and ilH‘ principal points of the 
reconstructions ait(‘inpi(‘d by Drs. Kmtli and Sinilli Woodward. 

Prof(‘SSor Broom didVndod Smith WoodwardV nvonstruction, which he 
hold to bo far btdtor than Profcbsor KoillFs. 

Dr. Gregory spoke in siil)stanct‘ as follows: 

Some years ago a work by the Dutch anatomist Van Kainpcn direcdod 
my attention to the importance of the dclailort chanuders of the base of 
the brain-ca«c us indicating the lelatioiiships of various groujis of iiiam- 
mals. ''File special eharaeteristu's of tin* bony portions of tin* organs of 
hearing are liighly signiOeant, in rcM^aliiig deseimt from eominon an- 
i'Obtor'- among widtdy dilTereni animals. I Ihend'ore propovst* to pass 
rapidly in review before you Ha* basal vic'w of the skull in many families 
of Prinmies and to point out tla* signiFn*ane(‘ of the resemblamTs and 
dilTerenees in the anditoij region. 

Jjruiiirida, In this family the amlitors hiilla or bony ri'sonating cham¬ 
ber of the middle (*ar is swollen uj) in a more or less lieinisph(‘ri(*al or 
ovoid form. It ('oinplelidy irielowses and hi(l<‘s from view the dolicah* ring 
of bone iijion wliieli tin* i^^mpanie membrane is atretehed and which is 
known as the tympanic annulus or tympanic bone. 'Fho existing lemurs 
have (*\olved into widely di\erse forms: lu're we have a more or less in- 
s(*eti\orouR form, and here a large slotli-like, Icaf-eaiiuig form, and yet 
the formation ot the auditory region is essentially identical in all. This 
formal it)n is one of the charaelerislies which these now very diverse 
lemurs have probably inherited in common from remote and extinct 
aiK'cviors, such as have Ikmmi found in the Eocene formations of Wyoming. 
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lndr\H\da\ The Indrisidii' iiu‘lud(‘ (‘orliiiii lii^hly s|K‘(*iali/od lomurs 
from Mada^^^sc'al^ siu*h as ilu* Sifakas and Indris. As (‘(mii)ar(‘<l with 
Iho lowor lemurs ^reat adxanees ha\i‘ been made in llu‘ siriieliir(‘ of |lui 
teclli and in ilio siya‘ of (lie brain-ease, Imi lIu' formaiion of the auditory 
bulla roinaius the sanu* and this is one of tlu‘ (diaraetiM’s whieh reNeals 
relationship with the typical lemurs. 

The Nyctieohida' iiielade certain enrioiisly moditied i(‘uniroids of 
Africa and the oriiuital region, sneli as the slow loris and the galagos. 
These lerauroids ha\e undergone cousidorable modification in tlie basi¬ 
cranial ]-egion. It is nuicli wider, the mastoid region in th(‘ back of the 
skull is swollen up, the tymj)anic annulus is no loiig(‘r concealed by the 
bulla but lies as a short rim at the external border of tlu‘ bulla. 

The South Aniiericaji monkeys of tlie family (Vbida‘ dilT(‘r markedly 
from the lemurs as follows: the tMiipanic annulus is not cone(»aled by 
the auditory bulla but lies external to it and is (dosely joined witl) it, the 
suture disappearing in th<‘ young animals. M'he base* of the brain-i*ase 
luis been greatly widened and the bulla itself is further in toward the 
mid-line than it was in the lemurs. The tym])anie tlnis forms a short 
iiapkin-riiig-likc spout, called the bony auditory meatus. 

The monkeys of the Old World or (*atarrhine Primates. In tlu\s(‘ the 
auditory bulla is not so much ex])ande(! as in ))reeeiling fainilios. it is 
pierced by a large canal or foramen for Hu* (‘arotid art(>ry. Tlie tym¬ 
panic bone now form(^ a greatly elongattul spout leading to th(‘ outer ear, 
Tn this slide wo see the wide range in sfriicturo among iho o.xisjing 
rnacaqiica and baboons. Beginning with a shorl-fmvd more round-headed 
imu'iKjiie we pass by almost imperceptible gradations lo th(‘S(‘ very highly 
sp(‘eiaiize(l baboons wilh tmorinous elongait‘(l fa(*es and massivt* jaws and 
ieeth. Amid all this di\ersiiy in form th(‘ stru(*iur<‘ in ilu* audilory 
legion remains constant, as wc see by (*om])aring ilic most sp(‘cialized 
form, the mandrill, with the prim)itiv<‘ form figuivd at iho lefi. 

We pass now to a much higher group of the Old World ap(‘S, the Sein- 
nopilhecina', which includes the langurs, the guerezas, the loiig-noaeil 
moDkey and others. Wen^ it not for their higli vegidarian s])e(‘iali>!a- 
tious these monkeys, so far as the skull is concernod, niiglit almost bo 
regarded as ancestral to man. Again wo have a wide variation in form 
fiom shoi't-faeed to long-faced typos, but the formation and arrangiunenl 
in the auditory region is the same as in all other Old World apes, namely, 
tlie bulla is not greatly inflated and is pierced by the carotid foramen 
or canal while the tympanic forms a long tapering spout. 

The anthropoid apes all agree again in the stnuduro of the auditory 
region. Here is the auditory bulla, pierced by the careti<l (‘anal, and 
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lion* is the loii^ spout-liko tynipanic. Passing on lln* right to tho Innnjin 
skull, nolwithslancling ils markod dittcronocs in the proportiojQ of vari¬ 
ous parts, we se(‘ a rundainenlal agreement with the aiithro])oids and 
with all the C)|(i World monkeys in the auditory region, lien' again is 
tli(‘ auditory bulla piereial by the earotid canal, now greatly enlarged, 
and here again is the long s])Oul-likc tympanic somewhat altered in ex¬ 
ternal contour. 

If this agreement stood by itself it might be ascribed to convergent 
evolution, but taken in eonneetion with hundreds, even tliousands, of 
other agreenKMits it ean only mean eonnnion aneestry with the anthro¬ 
poids and the Old World monkeys. 

The Piltclown skull fortunately pr(\ser\es a portioji of the auditory 
region togeilier with the articudation for lh(‘ lower jaw. It conforms, 
as do all other human skulls, to the type eornmon to the Old World nion- 
kevH, the anthropoids and man. In the form of the articulation for the 
lower jaw it is \ery man-like, but in the form of the lower jaw itself it 
is more orang-like. It is thus a synthetie type combining in a way not 
hitherto known the eharaeters of nvin and of apes. 

(Umvhsiou. Ff any of you tnav think that I have ovor(‘stimated the 
signiiicance of this fundamental agreement in the sirneturo of the audi¬ 
tory region in man and the Old World monkeys and anthropoid apes, T 
can only reply that the stiuly of evolutionary relationships is a science in 
itself, that by long experience the facts for(*e Ihomscdves upon us and 
compel us to place certain values upon them. 

The conclnsioji tliat mankind is roIal(Kl by ('ommon origin with the 
Old World monkeys and anthropoids is irresislibly fon'od u[)on ]jahron- 
tologists, who an‘ familiar witli sc'ores of other well-established evolu¬ 
tionary S(Ties. fhit in view of the incredulous attitude of many it is the 
duty of thos(‘ who are famliliar witli the facds to phu'c tlunu before the 
]>ublic. 

The (*onfer(m<*e was follow(‘d by a ('ollation which was served in the 
Eskimo llalL Section then adjourned. 

WlLinAM” IC. (tIIEOOHV, 

BpcrHavij, 

SEOTIOX OP ANTIFROPOLOOY AND PSYCHOLOGY 
2() January, H»U 

Section met in eonjunetion with the Anierieaii Ethiiologi(*al Society at 
8:15 P. M., Professor Franz Boas i)reaiding. 
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The meeting was devoted to a piihlu' ic(*inr(‘, follow^: 

Pay Cooper Cole, Tirw W'iid or Minpvn \ o , 

SuMTvi wiY OK P\rrH 

Mr. Cole Jirst <loscTil)e<l tlie Iblaiid of Mindanao and lis history, Ihen 
discussed in more detail (lie life of two of tli(‘ pagan inhes iho lUikid- 
non and the Bagobo. 

The Bnkidnoii, who inhabit the nortli-i'oniral portion of tlie island, 
lia\e for eontiiries been liaraased l)\ the wild Manoho warnois on tin* 
east and by the slavo-lmntmg Moro ou the west. The main ('on diets with 
these enemies caused them to d(W(‘lo]) a unique eiilinre. otn' phase of 
which is shown in the tree dwellings found in pari of their ti‘rritory. 
The presence of three well marked physical typ<‘s in the population is 
another point of interest brought out hy this paper, din* nntivt‘s' views 
conceming the spirit world and some of the cerenmni(*s made to pro¬ 
pitiate the superior beings were <les(Tihed and il!ustrat(‘d in th(‘ talk. 

Going to the Bagobo, on Da\ao Gulf, a glimpse' was given into their 
traditions, lawn’s and customs, particularly those whndi led u]) to and ex¬ 
plained the custom of human sacrifice, and the organization known as 
Magani —tlie members of which gain the right to th(‘ t»it1e and a dis¬ 
tinctive tv^pe of dress by slaying a certain number of enemi<‘s. 

The lecture was illustrated by about seventy slides showing the coun¬ 
try, the people and their homes and s(‘\era1 native crafts. 

The Section then adjourned. 

K. H. IxnviK, 

tiecretanj. 


BflRINESS MEETING 
8 pKBinJARV, ion 

The Academy met at 8:17 i>. m. at the American Museum of Natural 
History, President George F. Kuuz presiding. 

The minutes of the last busincBs meeting wore read and approved. 

The following candidates for membership in the A(*ademy, recom¬ 
mended by Council, were duly elected: 

AoTTVK MEHBKTtSniP 

W. J. Matheson, 188 Front Street, 

A, A. Goldenweiser, Columbia University, 

Marguerite T. Lee, 66 West 95th Street. 
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AkKOOIATI; MRUilEUMIll* 

Miss Katli I’aedcr. Uarjiard Colloge. 

I’hc IJocordiiig H(‘c'rc‘1iir\ then lopcirlod tlie following doatliR: 

llcmy \V. Bocllgor, Actno Member smte 15)05, died 13 Jamiaxy, 
1911, 

Dwight .V. Jones, Aetive Member since 1905, died 7 December, 1913, 
David L. Pettigrew, Ac<i\c Member since 1896, died 19 January, 
1914, 

George I’ayior, Aetive Member smec 1907, died 30 September, 1913. 
The Academy then adjonmed. 

Eomund Oi’ib Hovjsy, 

Recording Secretary. 

SEOTION OP GEOLOGY AED MINERALOGY 
3 PKiiKDAiiy, 1914 

Section was called to order at 8:15 e. m., Vice-President Charles P. 
Berkey presiding. 

The mhnitcs of the last meeting of the Section were read and approved. 
The following scientific progimume was then offered: 

Henryk Arctowski, .\ S'nim oi-’ tiik Cfivnokb in tub Distribution 
OP TeMPISIUTIIRK in EDIiOPB AND FOKTH AmBR- 
TOA During tub Askars 1900-1909. 

Charles P.Berkey, Oruhn ok Some Comim.kx Stritotuuks of thk 
.Ancibnt Gnbxss ok New York: Ionboub Oon- 

TAOTS AND TRANSITIONS. 

Summary ok Pai*rrs 

Dr. Arctowski’s paper has been published os pages 39-113 of Volume 
XXIV of the "Annals.” 

Dr. Berkey: The following items cover the eliief modifications and re¬ 
statements discussed: 

The Bed^nentary Berlee; 

1) . Tbe fundamental formations, induding tilie X'ordham gneiss, were 

originally a simple sedimentary series. 

2) . There is nowhere in tlte region any evidence of an older basement 

3) . The relation between the Manhattan schist and the Inwood hmesttme 

Is essentially a conformable transition showing considerable oscil¬ 
lation and local variation. 
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t). There is also oitluM- a conformahle or a simph' oytM-lap relation be¬ 
tween the Iiiwood and Fordliam format ions witli some intorbed- 
dinff of i^neiss witliin tJie liim‘sto!ie. 

r»). The streaked eliaraeter of (he Manhattan s<*liist is due (‘hielly to 
ij?neous im])re^tnation of an already slrontcly foliated nndainorphie 
rock. Its other (‘hara<*ters are of primary sources. 

6) . The chief impurities of the Inwood, exclnslvt* of th(» pegmatite dikes, 

are nH;rystalUzed ])rimary nia tiers. 

7) . The strongly banded slrmdure of the Fordliain is of complex orii?in - 

its fundamental eause is primary sedimentary difference and strom; 
bedding structure. The ro<*k lias Ix'en injtvted along ih<‘se weak¬ 
ness linos with igneous matters. 

8) . Distortions are for the most part of regional dynamic origin, but in 

some instaiuvs, in the larger intrushes, it is in part of tlowage 
origin. 

9) . The prevalent granitic comi>osition of Die Fordliam is in part of pri¬ 

mary (arkose) origin and in part simpl(‘ inj<‘<‘ti<ai and in part an 
impregnation of graiiitiKing solutions. 

10) . There are variations in the Fordhaiii indl(*ativ(" of original inter- 

bedded limestones similar to Die Inwood, and shai(‘s similar to tlie 
Munluittau, besides Du* more abundant sandstones ami arkos<'s, 

11) . There is uo dircHjt evidence as to the e.xact g(*ologit* age and no per¬ 

fectly satisfactory correlation. 

The Igneous Series: 

12) . The large Intrusive masses are r(*presenlt»d by: 

(а) ‘^Yonkers gneiss." 

(б) “Kavenswootl grauodiorite.'' 

(r) “Staten Island senuniDue.'’ 

13) . The smaller igneous representatives in(‘Iude: 

(d) “Pegmatite dlk(^.” 

(c) “Anthophyllite 

(!) “Hornblende sehist strips.” 

(//) Ijentieular and irregular niass(‘s anil str(*aks of iieguia- 
titie matter in the schists. 

(h) Some of the bands of Die Fordham gneiss. 

(i) Much impregnating granitic matter now Intimately mlxtul 

with materials of oDier origin. 

14) . The principal structure of the Yonkers and the liavenswood is (*ss(*n- 

tially primary and of two types: 

(1) A superimposed structure derived from and in part pre¬ 

serving the structure of partially absorbed older 
masses. 

(2) An induced structure due to movemeut iu the magmatic 

mass during ci*yHtallls5atiou. 

15) . The structure of the hornblende schist, “Aathophylllte rock” and 

serpentine is chiefly secondary (metamorphie). 

16) . The igneous representatives vary In age. 
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17). TIum*(' is v(M*y j;resit cliffiTciioo in oxteiit of itciit^ous effect in the differ¬ 
ent fundiimcnital formations. I jiidufe that tluw is a strongly 
selective intluc^iee exerted by tlie formations tlieniselves. 

Oeiwnil: 

IS). As a rcssult, all of the formations are coiuplc^x In eoniposJtion—in 
part primary, in i>art in<daniori)hie, in part iutroclucecl, and 
19). All of the formations are also complex in stnicture—in part of pri¬ 
mary sedimentary control, in part induced by meticmorpliism (re- 
crystallization), in part of primary igneous habit, in part a pri¬ 
mary strneturc' enipbaslzcsl by its control over igneous injeetlou* 
and in part imrely sec‘ondar.> dynamic* moditieation. 


The Sc'ctioii then adjournetl. 


A. D. Paoent, 

Hecrrlary. 


SEtTION" OP BIOOOOV 
9 FHbllllAKY, 1911 

Section met at 8:15 e. m., IM^ofeKsor Raymond Osburn proRidiiig. 

The minut(‘S of tlie bust inc*(*tiiig of tlie Scs'tion were read and apiirovcd. 

The following programme was then olTered: 

W.D. Matthew, Somm Rkmmikuii.I': K.ktinc’t AKiMAbs ov 

SooTir Amicimoa. 

Eobert Cushman Murphy, Anaiomy and BiiiATjoNsines of 

TiiK Sma FliMiMiANT {Miroutuja honina). 

SirMM vitY OF Papkiih 

Dr. Matthew: ''Pin* Ani<‘ri(*an Miimmiim colh'clions of c*\lin(*i Soiitli 
.American inaininalH ineludes a scM’les of (‘ight inoimied skeletons ropro- 
senting the Edentates, hoofed animals and ()ariii\ores Unit nourished 
during the Pamjijean and Santa (h’uzian (‘pocdis. 'riH‘ (diief oharacteris- 
tica of those animals wcu’c* outlined. 

Mr. Murphy had siudied tlie Sea Elephants at South (Jeorgia, a small 
island in the Antanjtic Oc'can, wln»rc‘ he had scHUired a series of sjiecimens 
o£ them and of other animals for the Ain(*ri('an Museum of Natural His¬ 
tory and for the Brooklyn Institute of Arts and Scioiuu^s. He exhibited 
a remarkable series of photographs of living Sea Elephants; also a series 
of skulls representing the principal gcuiera of the Phocidas arranged ac¬ 
cording to their slnictnral aHiniti<*s, the extremely long-skullecJ Sea 
Leopards being at the left, Phovd, of intermediate structure, near the 
center, and Monackm and Mimirujai with widened skulls, at the right. 
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After tliscuNsiou {»)' (lie piipcrs (lie Seel Kin .Kljnurncd. 

W II ni \M K. (Ii!i (ioin . 

SVm’/rrr//. 


SECTION OP ASTIJONOTWY, IMIYSICS \N1) CIIKMFMTRV 
16 Pniimi MiY, 1011 

Section met at S;!.") i*. n., A''i(‘(‘-T’r(‘si(l('iij Cliarlos r>a(-kor\illi- pre* 
sidinj;. 

The evening was devoted to the following Icclnn': 

H. T. Barnes, Tim f'lnsicvii Ekkiivtk Pnoni'ChD hy li'i-jiniids i\ tiik 
North AtijAWtio. 

iSummaht op Papkr 

ProfcKsor Barnes said in abstract; The formafioii, drill aii<! iiielliiig 
of icebergs form for the physicist subjects of inquiiy of great practical 
value. The whole matter has been, until recently, neglected, but popiilar 
opinion now demands careful investigation of it. Although the need for 
such inquiry is no more acute than it lias always hcK'ii, the iwttiire now 
offered to tlie Academy deals with our present knowledge and [loints out 
the great value which would result from a eareful invesligaiion of the 
Labrador current, for which a largo appropriation hy the various govern¬ 
ments concerned would be necessary. 

The lecture was followed by a collation which was served in the Eskimo 
Hall. A reception was tendered to Professor Bariu's, and thi' Section 
then adjourned. 

E. E. Smith, 

iiecrelary. 

SECTION OF ANTHROPOLOGY AND PSYCHOLOGY 
23 Febr0ABT, 1914 

Section met in conjunction with the New York Brandi of the Amer¬ 
ican Psychological Association at Princeton, New Jersey, Professor S. S. 
Woodworth presiding. 

The following programme was offered: 

H. C. MeCtnnas, Some Tests oe Eeeioibncv ih Telbphonb Or- 

XSATOSS. 
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H. A. Rugger, TiuNspru \\r> I\TEi?riMM]N<'iii iv Tfn: SiTiJsri'm- 

TioN Tkst. 

A.T.Poffenbergei', \ (\>mi»\imson oi Tim KriM:(Ts or STuyoriMiXii, 
ANn fArpriMi’ ojsi Mi:nt\l .\nd Motor Km- 

( ILN(’A. 

H. L, Hollingworth, A Com pah i son of Styiajr and Kjoy in, the 
T\ 1*1*1 \(j Trsq\ 

Carl C. Brigham, \n Expruimental Ceftique of the Blisdt- 
SiMON Scale. 

R. S. Woodworth, The Work (Mikae for Short Pbhiodr op In¬ 
tense Application. 

Garry 0.Myers, Rix^all in IJelition *io Hetbntiov. 

SiiMMAUV op Papers 

Dr. McGomas said : Two mciliods inav lu* followed in tesling telephone 
o[K‘rators; one, by analyziii;; ilu* activities at the switchboard and exam*' 
ining each, the other by t<‘stinii» these activities as a whole. The latter 
was followed in the work at the PriiKTton Ijahoratory. The ai)paratnR 
duplicated an actual switcdihoard, on a small scale. The operator made 
connections at the hoard and thesi* W(‘r<* timed by a kjinograiih in an 
adjoining room. The kymograph records showed the time wliich elapsed 
between the appearance of a light o\<*r a (*all eonncction and the moment 
an operator "phiggod in also, between the moment a nninbcr was ealled 
and its appropriate connection mad<‘. Fifty records in succession were 
taken for each subject. Tlie operators were ranked a(‘eording to the 
quicfaiesR of their reactions. This ranking was compared with the com¬ 
posite ranking made by two telephone supervisors ind('p<‘ii(lently. The 
test easily detected tiu* two best, and Iavo out of ihreo of the juxwest, of 
tJio nine operators supplied by the* Princeton exebange. 

This rather clifRcnlt ^‘st was suf>plemerd<*d by one which called for 
very much simpler apparatus; pra(*ti<*ally a test in motor coordination. 
The operator sat before a talile supporting an \ipright board upon which 
was fixed a sheet of paper containing ten crosses, arranged in three irreg¬ 
ular rows. With a pencil she sought to touch the intersections of the 
crossed lines in quick successiou. After each thrust at a cross the pencil 
point was brought down upon a blotter on the table. This gave a move¬ 
ment similar to that of the switchboard. Kach subject was instructed to 
make the inovoments as quickly as possible, Imt not to sacrifice accuracy 
for time. Tests wt‘re made for each han<l and with the sheets in various 
positions. The records in time were taken with a stop-watch; those tor 
accuracy, by measuring ihe distances of the poticil marks from the inter- 
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fejoctioiis of ilio lin(‘s. Tho rai)kmj»ft ilins obiamod agrctMl nMnarkably woll 
witli tlie oaiiinaios of ilu* siiporvisors, sliovMii^ a oorndalion of .(l-ioO, w^th 
a probable orror of .11 (b> Sp(‘arinaii’h Poolruh'). \\(* ha\<‘, IIkmi, in 
this forni of tlie moior-nK)r(lination t(‘^t a \aluabl<‘ means ol' detivlinjr 
the (jiiickncss and an'uraey of 1(*le))li[(>ne operaiors, two (d' the most im¬ 
portant traits whi<*b make for siuress at the sw iti'bboard. 

Til Prof. Ruger’s jiajuM* tin* pur])ose of lli<‘ stinU was to ibdeiniini^ 
wlietlier a wTlI-formcd rival liabit or a poorl\ forincd one liad tin* greater 
iniiuenoe on tlio formation of a ^i\en habit. The plan of the (‘\periinent 
iiieludcd an initial and final test sindes with a ^i\en k('\ and a praetisi* 
series with keys formed by \aryin<» the arraiijimnent of th(‘ test ke\. For 
the practise seri(‘s the ^roiip representing the well-fornu'd habit practised 
on a single rival key; the group represiMiting the poorly fornn'd habit 
enther eonstaiiily ehaiig<‘d to a luwv k(‘y or praidisiwl iVwm* times on the 
same rival key. In addition to tlu^se tw'o main groups there were three 
(oiUiol groujis and oiu' group which })raetis<‘d on tin* i(‘st k(‘\. ()iu‘ of 

the control groups read mwvspapers during the praetis(‘ period; another 
did addition, and the third worked on a <lilterent type of substitution. 
All the groups took the initial and tiiia! tests with the test key. All the 
groups did better in the linal than in the iniHal lest. However, thi‘ rival- 
habit groups ahoAvoil much leSvS iinproveinent than the control groups. 
Consequently there was a dominant interfereiiee ellVet. Tliis iiitm’fiT- 
cnco effect was grcMitcr in the group that formed tlie one strong rival 
habit than in the one that fonmal one or many weak rival habits. ^I'he 
control giuups were so ])Iann(*d as to liavi' diflenMit degreiss of ivlaledriess 
in their practise series to the lest kevs. MMu* newsjiajKM’ group simply 
read ’wbat interesiod 1 hem—spontaneous aitenlion; tli(» addition group 
worked with voluntarv attrition and al lop spiMal. 41ie subsiitulion- 
oontrol group worked on material similar to tlie t<‘s| s(»ries, hut not <*on- 
dieting witli it. The three groups foIlovv<*d this, tin* ahov'e, order in the 
extent of tho improvement of the final over the inilial t(‘st. Sin<*(‘ the 
difference, however, is less than the prohahh* (‘rror, the <*(mtrol groups 
may be considered as ecpiiv^alcnt in this particular ease. The group which 
practised on the test keys showed two and a half times the improveimuit 
of the control groups, while the control groups showed twice the improve¬ 
ment of tlie poorly Eormeil rival habit grou]) and three times the im¬ 
provement of the well-formed rival habit group. riii])r()vement was 
measured in terms of siilmtitxitioiis ])er seeoml. 

Three hundred and fifty subjects took part in the experiment. Wood- 
worth^s and Wellses color-naming and geometrical substitution tests were 
employed. The symbols forming the keys were five different letters or 
figures. 



RJUJCORDI^ OR MKHTiyOt^ 

Dr. Poffenberger|)ajK‘r Imsod on a conipariMni of ilio rosiilts of 
Iwo mnit sliulios, nainoly, ‘“TJio Iniluence of Oaffoinc on Mental and 
Moior Kllic'KMUT,” by IK L. IlolJingwortli, and ^'Tbe Eifecls of Strychnine 
on Mental an<l Motor ElViciiMuy,” In A. T. Pollonberger, Jr. Striking 
dilToroin'cs a])})oar in the action of the two drugs upon certain mental 
and motor jirocchses. 'TIu' tv\o tests w(*re (*ondiieted on the same general 
plan, an<l eouiparison of the two is both permissible and easY. The tests 
were those well known in e^ery psycdiological laboratory. Motor ability 
was tested by tlic tapping t(*st, coordination test^ and the steadiness test, 
while the mental ability Avas tested by the color-naming test, opposites 
t(‘st, (‘aiK’cllation test, and (‘aleulation tests. 

(^alfeiiie (*ause<l an iiKovascKl olTieiency in most of the tests, the amount 
of increase varying with th<‘ si>5e of the dose. Exc'options to this state- 
in(*iit WTre few, the principal one being tii(‘ d(‘<'reas(‘ in steadiness with 
the increase in th(‘ size of tlie dose of caHeine. No after effects were 
noted <hiring the course of the test which <‘\tcnded o\er a period of about 
lorty days. 

The str\(dniin(‘ test, <*ov<»ring aixaii tlu‘ sam(‘ p(‘riod of time, showed 
jione of these (dfects, except in the (%*ise of the steadiness test Avhore there 
Avas a suggestion of decreased steadiness after a dos('. There was neither 
an increase in elfieioncy nor a retardatioji ]u(‘asural)le during the period 
of tlie te‘-t. 

The explanatioji of tlie difference is to be looked for in the seal of the 
a(*tion of the twx> drugs in tJu* nervous system, the latter acting primarily 
on the cord and medulla and the fonmu* affetding the higher (‘enters of 
the cerebrum. 

Dr. HoUingAVorth said ; During a prolong(‘d siudes of leasts botli slyliis 
and telegraph k(‘y were used in th(» ta]>ping test by the same persons. 
Th(» pap(*r pr(*sent(Hl some eoni])arison of th(> r(‘SuHs s(‘eured by tli(‘ two 
medbods. Data secured by the iwo methods cannot be treated as (‘Atm 
<}uaJitalively comjiarable,—the two nudhods not only do not yield tlio 
same results, hut th(»y do not seem even to tost the sam(‘ function, ^riie 
k(*y is much slower than the stylus, the difference increasing witli prac¬ 
tise. Tlu* best individual by one method is not the b(‘St by the other. 
There is 20 per cent, gain ns the result of practise, when using the stylus, 
but no gain at all in the use of the key. The variability of the records 
is greater with the key than with the stylus. With respect to amouiit of 
improvement through practiws individuals stand in the same relative 
order by the two nudhods, but tlie individual variabilities arc quite differ¬ 
ent in the Iavo (^ases. 

Mr. Brigham said: ^I'lie Biiud-Simon s<‘al(* was applied to 894 children 



Ai\.\ \/.;S' A/(/U' yojfh iCAOVAlY 07 ' 


ni)0 

from to Id }0}irh of u^o, <lie majorii^ of oaiso^ lu*mt» mnlor Yl 

years. Expc'rimoiiia! condiiions \\<‘tv n<llion*<l i<> as slrn*|]\ as jXKSsiblo. 
The three !iivesiji»,it()rs ^\e^) alw^ly^ in ii»nora]i(M‘ ol IIk* j»hvsi<*al af’e of 
the child being <‘\amin(Hl. 

A iiormiiJ (listribiitioji of eases about the “at at’o" position was found, 
per cent, of lli<‘ cases under l‘^ testing “at per (*eiii. "above 

age,’’ and 11 per cent, "below ago. ’ 

The scale was not uniforni for all ages, as shown b\ tin* a\erage age 
dilfereiice of each phvsu'al age group, gisen in the following array: 


rhysieal age.7 S J) 10 It VI 

Average dlffoi*eue(‘. 0 0 0 O.o 0.7 -1.4 


Tlie lack of tests above twel\e >ears, and tlie diilieully of tlu‘ “twelve- 
year'’ tests cause the deviations from the norm at Hb 11 and Vi }ears. 

The teachers and the principal grad(‘d tlu‘ I'hildrtMi into li\e groups 
according to mental capacity. The av(*ragc ag(‘ dillVn‘n(‘t‘ of the live 
groups correlated with the teachers’ jmigments wow as follows: “V(‘r\ 
bright’^ + 0.9, "Bright” 0, "Average” —O.f), "Duli” - 0.9, “Very dull” 
—1.8. In 4 per cent, of the cases then' was a disagreiuuimt hid ween the 
judgments of the school authorities and the r(‘siilts of tli(‘ teshs. 

Prom the results of the investigation, it was found possible to (Conclude 
that tlie scale, as now standardized, ineasurtMl the diwi'lopnimd of intelli¬ 
gence of the cliildreu examined with at least 9(1 per <*(*nl. (*ni(‘iency, and 
served as an adequate measure of comparatively slight individual diller- 
oiKvs in groups of the same physical age. The “twid\e-year” tests weri' 
found to be unsatiafjujtory. Hex diflVrences won* slight, girls possibly 
tending to var\ more than boys, inlluence of the piM’sona! (Mpialion 
of the ex])erimenterH upon the results of the t(»sis was found to be neg¬ 
ligible. 

Professor Woodworth said: Thoiiglj the iiuestion of menial fatigue 
has been most examined in prolonge<l work, it is possible* that a (diarac- 
teristic work curve should be obtained from sliort f)i*rio(ls. In collabora¬ 
tion with Drs. Wells and Pedrick, the author has studied periods of o-lO 
seconds in controlled association tests (logic^al n*]ati(ms, color naming, 
simple directions), series of 10 or 20 stimuli being visually presented all 
at once, and the subject being required to react to the stimuli one after 
another without intermission. The time of each single reaction was re¬ 
corded in order to see whether the speed of reaction changed in the course 
of the series. The work curve so obtaincil varies from trial to trial, but 
on the average runs a definite course. The initial rejiction is the slowest, 
the next few the quickest of all, then comes a gradual de<din(‘ of speed 
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till iho last ivac‘ti()ii, wliic'li n quiokcr than those jnst before it. Fii the 
tradilionnl lani»uai>e of the worl: eurve, we find here a rapid warming-up, 
f(>llow(‘d by i)rogr(‘Khi\e fatiuue and an end-spurt. Tliesc eoriceptions are, 
howe\er, of questionahh' Aaliu* when applied to so brief a period of work, 
and a truer interpretation may })(‘ bad from the notions of overlap and 
interbn-enee. ''Pile “■faiu^ne elTeet^' is here, probably, an index of the 
steady accanudation of iniin’fereiiees, while the warming-up and end- 
spurt efTecls can he connected with the overlapping of the reactions to 
sueec^si^e stimuli. ()\(‘rlaj> acts to tlie ad\antai>e of the performance as 
a whole, in spite of the division of attention imolved ; but m the case of 
the first n'nction, tii(‘ diMsion of attention is present without any chance 
of gain from the overlap, while in the final rc'aetion the division of atten¬ 
tion lapse's and the advantage of overlap remains. Wlion the same tost 
inat(‘rial is iiw'd with an inh'rval of a few soeonds hotwoeii the presenta¬ 
tion of siK'cessne stimuli, hotli overlap and interferenee would bo ex¬ 
pected to drop out; and, in fact, the work (*iir\(* under these conditions 
TodiK'es ])ra(*li('ally to a dead level. 

^Ir, Myers said: 1 \mi ^vords were pronouneed with regular h'mpo to 
800 bo)s and girls of normal school, aeadomy, seventh and eighth gi*ades. 
Th(‘ subjects wore made to believe it was a regular spelling test. At vari¬ 
ous intervals tlio several groups of each grade were surjirisod by the re- 
qu(‘st to recall as many of tin* words as they could remember. All groups 
('ompared gave a final recall after the same interval (one hour, one-half 
hour, or throe weeks). One group had two intervening recalls, one had 
one and one had no intervening recalls. 

The results for final recall are best with two intiu'vening recalls, and 
for one intervening recall much better lhan for none. The gain by the 
five ininul-c over the immediab* recall is noticeably greater in its effect on 
the final rc'call than the gain of immediate recall ov(m* no intervening re¬ 
calls. The total percentages for the respective groups of girls are 89, 71, 
58; for the boys, 73, 01, 52 (final recall after 30 minutes). The total 
percentages show a strong gain in cnicieiicy in the final recall after one 
honr, as a result of immediate recall—^girls, "JO, '13; boys, 61,40. 

Oil the whole the girls are noticeably superior to the boys and their 
mode is one degree higher for each period of time. For immediate recall 
and recall after one hour the mode for the boys is at 5, for the girls, at 6. 
After three weeks it is at 4 and fi, respectively. The average deviation 
from the mode is consistently greater for the girls than for the boys. 

The pedagogical significance of these findings, esi>ecially in relation to 
drill and frequent reviews, is obvious. 
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(This paper is piihJislied in hxll in the ‘Stournal of Ifldueational l\sy- 
ch()Iof!;y/^ Alareh, liM l.j 

The Seetioji tluMi adjoiirtn'd. I{. II. Ijowjk, 

Herre/arji, 

HllSlNKSS MEKT1N(! 

2 aMAUon. 1911 

The Aeadeiiiy met at 8:ir) w m. at the American Museum of Natural 
History, President George F. Kuuk presiding. 

Tile minutes of the last husinosa meeting were read an<l approved. 

The following eandidate for aetixe memhership in <he Academy was 
duly elected: 

Harvey Descdiere, 50 Cimreh Street. 

The Iteeording Secretary reported tin* transferal of V, Brown from 
the associate memlxn-ship to the aedive memhership list; ami the follow¬ 
ing death: 

Mrs. 0. T. Olmsted, Active Member of tlii^ Academy sim^t^ 1007, died 
21 January, 1914. 

The Eeeording Secn'otaiw stated to the Acadinny that progrc‘ss was 
being made on the Porto Eico Survey and n‘ad tlie report made lo the 
Committee by Professor If. E. Crampton of his reconnaissamv visit to 
the Island, 27 December, 1913, to »3I Januarx, 191 I. 

The Aeademy then adjourned, 

EuMifM) Otis llovrn, 

AVco/v/i//// Hrnrlary, 

SECTION OF CEOLOIJY AND MIN KRAI.OCY 
2 Maiumi, 1911 

Section was called to order at 8:15 i>. ai,, Vice-Pn'sidcaii Charles P. 
Berkcy presi cling. 

The minutes of the last meeting of tlie Section w(Te r(‘a<l and ai:)provod. 
TJxe following programme was then ollered: 

Francis M. Van Tnyl, Tn Ouiom ok Dolomites. 

Douglas W. Johnson, The Staiulitt or’ the Atiantio (V)\st. 

Summary oe Papek 

Mr. Van Tuyl summarized bviolly the existing iheorios of the origin 
of dolomite and pointed out that the experimental ovideneo was at present 
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not atlo(jnate to predict the conditions nnder which this rock is formed 
in nature. 

The field studies furnish irrel'utahlo evidence that the majority of the 
dolomites examined have resulted from the alteration of limestone. This 
evidence consists of tlie lateral gradation of layers of dolomite into linit*- 
stone, somotimes A-ery abruptly; the mottling of limestone by irregular 
patehos of dolomite; the existence of remnants of imaltered limestone in 
masses of dolomite; the irregular boundary between beds of limestone and 
of dolomite; tlic jirescnce of altered oolites in some dolomites; the pro- 
tecti\o effect of shale beds; and the obliteration of structures. The con- 
cdusion was reached that the alteration must have proceeded in most cases 
while th(‘ limestone Avas still honcath the sea, but it was admitted that 
ground water was capable of producing local dolomitization under favor¬ 
able conditions after emergence. 

The Section then adjourned. 

A. B. Pacini, 

Secretary. 

SBCTIO'N OB BIOLOGY 
9 March, 1914 

Section met at 8:15 i*. ii., Professor Eaymond C. Osbum presiding. 

The minutes of the last meeting of the Section were road and approved. 

The following programme was then offered: 

6. S.Huntington, 'I'lin Inio-conK' Junction in Vkrtkijihthh miom 
TUB S’CANm'OlNT OK TAXONOMX AND FUNCTION. 
H.Ton W. Schulte, 'Pub 1)bvri.oi>mhint and Anatomy ok riih S.aui- 
VABY GliANDS IN CERTAIN MAMMALIAN OrDBRS. 

Summary ok Papbrs 

Professor Huntington gave a review of the more important results 
which had been based ou the study of an extensive series of anatomical 
preparations of the ilio-colic region in representative vertebrates, in the 
College of Physicians and Surgeons. He discussed the relation of form 
and function and the several homologies of the parts of the ilio-colic re¬ 
gion in many fishes, amphibians, reptiles, birds and mammals. 

Professor Schulte’s paper summarized the investigatious of Di-s. 
Huntington, Schulte and Carmalt, published by the Columbia XJniversily 
Press, 1913 (Vol. TV of Studies in Cancer and Allied Subjects Con¬ 
ducted under tiie George Crocker Special Researeh Fund at Columbia 
University). 
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i\fter <liscu88iou of tlu* papcis bv PnilVhsor if. ('. Oslnirn and others 


the Section adjournod. 


WiM.IVM K. (iiiHdoin, 


h^i’crelanj. 


SECTIOIT OF ANTHROPOLOGY AND PSYC'IIOTjOGY 
33 M vucii, I!>11 

Section met in coujuuciion wiili the Anu'riean Eiluioloijieal Society 
at 8:15 p. M. 'l''lie meeting was opened by Dr. (leoiw F. Kuiit:. Presi¬ 
dent oi' the Academy, avIio int)‘odiiec<l Dr. Itoberl 11. Lowie, sectional 
secretary, as the chairman of tlie meeting. 

Dr. Txiwie then introduced Professor Hiram Binglinin of Yale Uni¬ 
versity, the leetnrer of the evening, the progi-amnie i)ein» 

Hiram Bingham, Itnci nt Hmmoisvtios is tiii Lwooi'riii Iscvs, 

SniiMuty OK Pm'ick 

Professor Bingham’s lecture ga\e the risidts of the e\pediiion of liH? 
under the joint auspices of Yale University and the .N'ational Googi'aphie 
Society, which had for one of its chief objects the clearing and explora¬ 
tion of Machu Picehu, in sonthern Pern, a city so aneieid that there is 
no reforenee to it in the Spanish chronicles, and its old name is not 
known. Tlic ruins were diseo\ered by the Yale E\p(>dition of l!)ll. 

This ancient city, which seems to have been built by the Ineas or their 
immediate predecessors, between one and two Ihoiisand \ears ago, is situ¬ 
ated on a narrow, precipitous ridge 3,000 feet above the Hriilinniha Itivor. 
It is 9,000 feet above the son, and is loeati'd in one of lh(« most iiiaeei'ssiblo 
, pai'ts of the Andes, about 00 miles north of (hizeo. It contains about 
300 edifices, including palaces, stairways, tcnpiles, fortilications, and 
shrines, all built out of white granite. 11 is admirably siliiated for 
defense, and is protected by two walls and a dry moat. In culture it is 
probably purely Incaic. Owing to the extraordinary lumiher of windows, 
the presence of three large windows in the principal ti>in])le and the 
evidence of the city being finely situated for a place of refuge, it is 
thought that possibly we may have here the ancient "Tamp Toeco,” which 
is ordinarily supposed to have been south of Cuzco, near the village of 
Peccaritampu. 

The lecture was illustrated with lantcni slides. 

After the address, a collation was served in the Eskimo Hall. This 
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was followed by a K'oeption to Professor Bingliam, and the Seelion then 
adjourned. 

R. H. Lowte, 

Secretary, 

BUSTNESR MEETING 
6 April, 1914 

The Academy mol at <S:15 p. \i. al ihc American Museum ol Natural 
Ilialory, President George P. Nunz presiding. 

In the absence of Pr. Trov(\y, Professor Borkey was appointed Secre¬ 
tary pro tern. 

The minutt‘s of llu‘ last busiiiess mooting were read and approved. 

Tho following candidates for moniborship in the Academy, rocom- 
inen<lod by Council, were duly oloclcd: 

AcTH E MlCMBEliHllIP 

B. A. Tlaynor, Wasliiiigton Irving Ifigh School, 

E. B. Slack, Wnsliington Irving "High School, 

S. S. Bernstein, Catskill Board of Water Supply. 

xlssoorATB Membership 

y. 1''senshan Wang, Department of Goolog\, (’ohnnhia IFiiiv. 

I^ho Secretary rejmrted tho death on 16 March t)f Sir John Murray, 
rionorary Member of tho Academy, and road Iho following cablegram 
sent lo his family and the aoknowlodgrnont Lhoroof: 

**MuituAy, (lhaUvHQvr Lodijv, 

^Varaic, Edinlm'ijh, t^vothind: 

N<‘W York Academy of Scionws oxi)r(*KseH its d(H»i) sorrow over loss to science 
tliroujirTi death its honorary momher Sir .Tolin Murray and Its hejiilfolt sym- 
IMithy with survlvintjf family. 

(Signed) Edmujni) Otis Hovey, Secretary/* 

ClIALLENOEB IjODGK, WaBDTB, EDINliaBGH. 

“Dr. Hovky, 

Siecrcta^f, New York Academy of Sdenoee, 

Dear Sir: I am desired by Lady Murray and family to offer to you, and 
through you to the members of your Academy, their heartfelt thanks for your 
kind mesKsage of sympathy. 

With the expression of my profoimd respect, T am, Dear Sir, 

Tours faithfully, 

(Signed) Jambs OntrMWcr, fifoc’y.” 
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The Hecrclary ivpovleil iliat in rehimnhP in an inviiatioii froiii ilio 
president of the dircolo Maieinatico di Paicrino the Oonnc-il had ap¬ 
pointed tlu' Mar<iiiia Anlonio (!<> (hvf^orio, Cnnvhixmding Momlx'r, to 
represent the Academy at the tliirlieth nnniverbary of the foundatiou of 
the Circolo, to be held on 14 April. 

The Secretary imported that I’nifessor M. h. llritloii, (Jhaij’nian of tlio 
Committee on the Natural Hitilor\ Survey of Porto Rico, had rcw'ivcd 
from the Oommisxioner of Edueation of Porto Jfieo a cablegram to the 
effect that the legislature bad approved the budgi't for the next fiscal 
year, including au item of $5,000 for the purjicses of the Academy’s 
Natural Ilistoi^ Survey, also that Professor Britton had received from 
Major Basil Dutcher, a letter conveying the same information and saying 
that the government’s appropriations Ix'como available I July, The ex¬ 
pectation is that this appropriation is to be repeated each year for an 
additional four yoara in accordance with the proposition made by the 
Academy. 

The Academy then adjourned. 

CruiiLKs P. Beekby, 

Secretary pro tern. 

SECTION OF GBOLOdY AND MINBEALOGY 
6 ApRin, 1914 

Section was called to order, Vice-President C. P. Borkey presiding. 
In the absence of tlie Swretary, Dr. U. B. Earle was chosen to act as 
secretary pro tern. 

The following programme was offered: 

George Frederick Kuna, Tiik John Bovn Tiiaoukr Park; Tub 

IlBLDBUItKEO BkOAKI'MBNT. 

Origin op Somb op tub ConiMiHx Sthco- 
lUBBB OP TJOtE ANCIBKT QnEISPKS OP NkW 

Yoke:—^Igneous vermn EBORYSTAi.niaA- 
TioN Bppeoxs. 

The Gkniwis op Antioobitk and Tado. 

A Peouli \r Fokm op lUnrATiSD Touhma- 
LiNJB PttOM Virginia. 

SuNxiAitv OK Papers 

Dr. Kuna presented a paper on the Ilclderhcrg Bwarpnient as shown 
at Countiymen Hill Station—-The John Boyd Thacher Park. 


Charles P. Berk^, 


Alexis A.Julien, 
D. S. Martin, 



RJHJCORDiil OF MRbyVIMm ;JG7 

On suggoslioii ol l^rofobHor J. R Keiup, the (*liairiuau appointed a 
coininiitce of llim\ Prof. Kemp, Dr. Faeini and Dr. Earle, to draw up 
iind send to Mrs. TlnuduM* r(‘solulions expressing the thanks and uj)|)n‘ei- 
ation of the yeetioii of (Jeology of the Xew York Academy of fScieiices 
for the gift of the Jolui Boyd ‘'riiacher Park. 

Dr. Berkey, in hiw papcn-, eovertMl ilie sedinieiilary series and the igne¬ 
ous series and concluded as follows: 

As a result all of the formations arc complex in composition—in part 
primary, in part motiunorphic, in ])art iiiLvodiiced and all the foimations 
are also complex in struct are—in part of primary sedimentary control, 
in part induced by metamorpliism (reervstallizatioii), in part of primary 
igneous liabit, in pari a primary structure omiihasized by its control over 
Igneous injections, and in part a purely secondary dynamic eileet. 

This paper was illusli’at(*(l willi lanlern slides and was followed by a 
discussion by I^rof. Kemp, Dr. Kutiz, Dr. Foods, Dr. Earle and Mr. 
Hawkins. 

Ih'of. Kemp presenied in brief ^miuiiai\ llu‘ paper bv Alexis A. Julien 
as follows: Conclusions in this jiaper arc that magnesia, in hydrated or 
carl>onated condition, and deweylite and sepiolite in colloid form, have 
always been the only magnesian derivatives from latcrite, with tendency 
to early migration and transport, in virtue of their solubility, 

Antigorite and talc, crystalline and never colloid, have merely served 
as insoluble fixatives to harden and record the transformations of their 
mobile and protean pi'cdecessors. 

Chrysolite is but a pseudo-tibrous variety of antigorite in fact, a 
psendomorpli in antigorite after a pseudomorph in deweylite after nemo- 
lite, the fibrous form of brucite. 

liie list of roek-inalving minerals, brucite, deweylite and sepiolite 
ne(*(l to be added as important acc<‘Hsorioh. 

This |)ttp(*r has liecn published as pages of this vohune. 

Dr. U. B. Earle r<‘a(l a sliori paper by D, S. Martin as follows: 

Some tim<‘ ago I rc('eive(I from Mr, John 11. Porter of Brooklyn, X, Y., 
a number of minerals from Nelson ('’ounty, Virginia, where he had been 
engaged in prospecting and mining for some time. Among these were 
several specimens of black tourmaline which presented some features tliat 
to me were novel and peculiar, 1 asked Mr. Porter if he could obtain 
any more examples of this form, and have recently received some from 
him. 

The specimens at first sight present simply the aspect of rather 
weathered nodules of solid tourmaline the average size of hickory nuts. 
Many of them are irregular in form but all show a distinctly radiating 
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Rtructiire. In the larger and more eliaraelerislie Rpeeiinetis, the curiouR 
eoiuhinatiou appears ol a radiated iiodnle with a disliiiet general eryslal- 
line form. The nodules are seen to be iiyramidal in sliape and suh- 
Iriangiilar in outline, expanding lo a c-onvi'X Ims' or (erininalion whieli 
shows distinctly in many eases not a mere hplierieal <‘on\c\it\ lint the 
characteristie low rhornboliedral iernunation so lainiliar in tourmaline 
cr}'stalB. This peculiar eoinhiuation is unknown to me from any other 
loealit_y, and has seemed worthy of special notice. 1 presented a desc-rip. 
tion with specimens bclore the New York IVIineralogieal (Mnh at its meid- 
ing in Novemher last, and now desire that it ho laid before the Aeudemu 

Those crystalline nodules arc single developments, not fragments from 
spherical masses, as might, at tirsi be supposed from tlunr p,\raini(lal 
form; but the termination is eutindy too eonvex for this supposition. I 
regret very much that 1 do not know exactly their mode of oeeurronec. 
They are found loosely scattered tlirough the soil and prohahh i-ome 
from gneisses or mica schists at a greater depth, hut no speeimeiis have 
reached me that show any portion of attached matrix. Pnifossor Watson, 
the State Geologist of Virginia, inclines to tlu' view that iliey are dm-ivod 
from pegmatites; bnt he has not seen the specimens themsidvos and lias 
no positive evidence. Their mode of ocourrenee ih oiu* tliat is I'xtri'mely 
familiar in the south where the country rock is wenlhcrod and decom¬ 
posed sometimes to great deptlis, forming tho surface mantle of so-i'alled 
“southern drift,” in which are distributial tlio hardm’ and more resistant 
minerals that have been liberated in the decay of the matrix. 

Most of the specimens wliieh 1 obtained from Mr. Ihirler have bwn 
placed, together with all iny otlier sonLhern material, in the “Piedmont 
Collection” of minerals of the South Atlaiilie Hiates nliich 1 am engaged 
in forming at the Cbai’lesion (S. 0.) Museum; but 1 furnished Mr. 
Qratacap of the American Museum at Now York witli a few ehnraeleristic 
examples. 

The precise locality of these specimens as given by Mr. l\>rl.er is I’ye 
Eiver, Nelson County, Va. 

This peculiar form, a radiating nodule, possessing also the triangular 
contour and the rhombohedral teimination of a tourmaline crystal is, 
so far as I know, peculiar to this locality, and 1 have deemed it worthy 
of special description. 

The Section then adjourned. 

■R. B. Eaki^b. 

Becretanj pro tern. 
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SK('T1(>N OP BIOLOGY 
33 April, 1914 

Sod ion met at 8:36 i'. m.. i*rofcssor Baymond 0. Osbiirn presiding. 
The minutes of the last mod mg of the Section were' road and n])proved. 
The following programme ■nas then offered: 

Symposiiim oh Porto Rioo 

James F.Kemp, Gi’omm’iii \ndGkoioov. 

Charles Lane Poor, OcmNociRAniY. 

Henry £. Crampton, Zooi/un (including results of expedition of De- 

cemhor, 1913-January, 1914). 

N. L. Britton, r><)T\\> (including results of evpodition of .lami- 

arv-Pebruary, 1934). 

Summary ok P.vpeks 

Dr. E. 0. Hovey outlined the plans for a Katural History Survey of 
Porto liico, which had been adopted by the Council of the Academy, 
under the leadership and with the patronage of President McMillin. 

Professor Eemp snniinarized existing knowledge of the topogi-aphy and 
geology of Porto Pico and indicated tlie need for further field studies. 

Professor Poor spoke of the strategic importance of the seas around 
Porto llico in certain oceanographic problems, such as the place of origin 
and moveinonts of the tides of the Atlantic and their relationahtps with 
the tides of other ocoan basins; and he urged the desirability of equipping 
an oceanographic expedition for securing data bearing on sucli problems. 

Profossor Crampton descn'bed liis iwent journey in Porto Bieo. Tn 
the coume of a general roconiiaissance of the island in the month of De¬ 
cember, 1913, he had covered some 3,500 miles, traversing the principal 
physiographical ami ecological areas, the characteristics of which he de¬ 
scribed, and thus hiaming the places wlicro detailed natural history sur¬ 
veys could bo most profitably undertaken. 

Professor Britton s])oke of his r(*cent visit io the island anti illustrated 
characteristic elements of the flora. 

The Section then adjourned. 

WiiiLiAM K. Obboort, 

Secretary. 
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SECTION Ob’ ASTRONOMY, IMIYSICS AM) CHEMISTRY 
30 Aprii,, I!) 11 

Sectiou was called to order at 8:15 p. ai., Vit'o-Rrcudeiil CIuipIos l>,is- 
kerville pr^iding. 

The mimiteB of the last meeting of the Section were read and iippiMvi'd. 
The following programme was then ofrerod: 

Victor S. Meyers, Crkatini; wn (’mATivt\j'\ 

Morris S. Pine, [rTirc Aoin. 

Summary op 1’vpnR.s 

Professor Meyers’s paper has been published in “The Post-Craduute” 
for Jime, 1914. 

Dr. Fine’s paper has been published in “The Post-Graduate” for .luly, 
1914. 

A discussion by Drs. Uowe and Smitli and Professor Bahkei-v illc fol¬ 
lowed the presentation of the papers. 

The Section then adjourned. 

B. B. Smith, 

Neirefan/. 


SECTION OP ANTFTROPOLOOY AND PSYOHOhOGY 


27 Apurii, 1914 


Section met in oonjundion with the New York Branch of tlie .\inpri- 
can Psychological Association at Columbia University, Professor R. S. 
Woodworth presiding. 

The following programme was offered: 


Miss Estelle De Young, 


Is Tiikum Si’cii .V Tiiino 
InGmuinnr ? 


Garry C. Myers, A Study op Appetitb, 

Miss Edith P. Mulhall, EQnv.\i.rac3? of Rkfbtitiovs roit Rk- 

OAIL AND RnOOGNmON. 

W.S.Monroe, Studies in Recognition. 

IKQss Laura Watson Benedict A Study of Bagobo Obrrmoniam, 
^ Magic and Myth. (Read by Title.) 

Miss Mary Boss, Is There Suoir a Tiiing as Giwbral 

JuDioui. Capacity? 



RECORDH OR MRIJTINOt^ 


Miss Lillian Walton, Imumdi vi> l)n^KiiinN(Ms tn Judicial 

(JvpvciTy. 

Max G. Schlapp, Soail Furoits op Mln"- 

'I vn nKPiciKKoy. 

H. A. Eager, Si \ Dij'i i in\(’i s i\ 'iirr Solutfon 

or aMiiiciiANK u. PrzzMX 

SuMAivin or Pappus 

Miss De Young nu< 1: \'«nioiis j)s,\(*hol()uisls liaw^ uttemj)ted to prove 
the existence of doliiute relations between dillerent mental abilities. The 
problem suggohtod itself: Is there such a thing as general ingenuity? 
Our definite purpose was to select tests having a common element, inge¬ 
nuity; an<l to find wliellu'r in such a series ability to solve one problem 
necessarily means ability to solve another. 

By ingenuity wo mean the use of judgment, logical thought, selection 
from a mass of material suggested by the problem, and a skill and quick¬ 
ness in manipulating and forming new combinations of possible means 
lor solution. 

Wo presented nine jiroblems to a group of 25 Barnaul students. They 
were in order; (1) a mathematical problem; (2) a test for forming 
words from the letters in the word ^^psycliiatry’^ for which live minutes 
were allowed; (3) a test, which for convenience we called the ^limerick,” 
adding two lines of poi'try to complete two lines presented; (4) ten syllo¬ 
gisms to be marked either valid or invalid; (5) an original poem of from 
four to six lines; (6) the absmdity test, or the marking of the absurd 
sentences in a list; (?) directions; (8) mechanical puzzle, and (9) a 
puzzle for which thirty minutes was the time limit, 

^”'or (»ach individual the score for mathematics consisted of two col¬ 
umns,*tlu‘ time and correctness or incorrcctnoss of the solution; for teat 2 
the number of words fonned; for tests 3 and 5, both the time and order 
of merit of the po<4ry; for the syllogisms, the time and the per cent, of 
correct judgments; for the absurdity and directions the time and number 
of errors; for the mechanical jiuzzlc only the time, and for the ingenuity, 
either the time, or if not solved within thirty minutes, the failure. 

In every single column the order of merit of the 25 subjects was deter¬ 
mined. Where the test consisted of two columns, the order of merit of 
each individual was averaged so that every test had only one column de¬ 
termining the order of merit of the subject in that ability. The differ¬ 
ences in merit for each individual were obtained by comparing each teat 
with every other test 



yOl^K ACMPiJMY OF *srAA’A(7> 

Tho rosulis wore ilu'u ()l)tnin(Ml hy n\(M’ni»ini( ilio ll^•^r(‘K in oaoli of the 
tliirty-six cohnniis and Ihc c^oiTolation^ b<d\V(‘(‘n IIk* (lilbn’ont abilitios 
found by the UKdhotl of rank (li[T('r(Mu*(‘s. 

The correlations run as as .7SH for linun'iek and absiirrlily; .737 
for limerick and dircM'tions, and docroase \ery eraduallv to three net»aiivo 


correlations which are almost /.ero: namely, .032 for words and me¬ 
chanical puzzle; —.0()2 for innthcmaties and iiiii(‘niiit\ and - -.lOO for 
mechanical and ingenuity. 

The following are th(‘ correlations (d‘ eac'h tesi uiih ihe other eight 
tests: 

Ijimerick .629 

I^oem. 575 

I )irections . 525 

Absurdity .409 

hopde. 493 

Words .300 

Mathematies .325 

Inajenuity.2fi5 

Mechanical puzzle.210 


The limerick and poem lead. Mathematics stands low in the scale as a 
representative of ingenious capacity and ])rol)nhly involves a relatively 
independent trait The mechanical and ingenuity puzzles on account of 
their concreteness are not so likely to (‘orrelate w(dl with tho other t(‘stS 5 
which involve mostly ideational processes. 

Mr. Myers continued a study of ap])etit<‘ whitdi was begun by ouc of 
his pupils of Juniata College, Miss Margaret Baker, fler (|iiostioniiairo 
which slie applied to 75 students was extend(‘d hy the wrihw to other 
subjects of college, normal school and high-school grad(‘, making a total 
of 483 subjects—^258 hoys and 225 girls. From tlu* twenty fonunosl likes 
and the twenty leading dislikes secured hy the (iuesiionnain‘ tin* names 
of forty things to eat were printed oji sli}m of paper, sIiuITIcmI, and pre¬ 
sented to each of fifty men and fifty women who w(*r(^ aKk(‘d to rank the 
forty things in the order in which they were liked, and to indicate, in 
ease any were disliked, where the dislikes began. Three weeks after tho 
jBbret test the same subjects were surprised by the request to arrange* again 
the items in the order in which they were liked after the manner of the 
first test. 

With 25 of the items another random list was selected and with it 50 
boys and 50 girls of the high school and the same number of boys and 
girls in the grammar schools of Tyrone, Pennsylvania, were tested. As 
with the college students, a second record after three weeks was obtained. 

Only a part of the results of the college subjects were reported. It was 
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foxmd; on tlic whole, lhat the results ol' those t(‘sts followed the general 
order oJ* preference indicatf'd by the results of the questionnaire. Notice¬ 
able sex (lilterenoes ()btain(‘d in Ihe order of prefeTences. iPor example, 
eggs, which stood lirsl wiili ihe men was ranked by ihe women as sixth; 
milk stood foiirih wiih the men and tw(‘nt}-second with the women; 
salads, twenty-second with th(‘ men and fifth wnth the women; cucum¬ 
bers, thirtv-wixth (foiirtli from the last) with the men and ninet(‘enth by 
the women. 

The correlation Ixdvvecn tlui median pcrlormancc of the iirst and second 
tests was M (Spearman^s footrule). The average P.E. of the first per¬ 
formance (average for all items) was (5.50; for the second 7.04. 

The indi\idual (‘orndations or indi(*es of consistency ranged from .96 
to—.05 woth a median at .81 (P.K. 8.00). The second lowest, however, 
was and third .51. Tli<‘ sul)j(‘('ts were most consistent in the arrange¬ 
ment of their foremost likes (first five). For the last fne the arrange¬ 
ment was likewise more' <‘onsistent than for the average, but not so con¬ 
sistent as for the Iirst live. 

Tlie mediiui number of items disliked by 50 men was for the first test 
'J.'JO (P.E. ?.'J9) and for the second test 9.00 (P.E. 4.00). By the 50 
girls the correspomling ligures w\mv 8.50 (P.E. 3.07) and 8.83 (P.E. 
2.83). 

^liss Mulhall said: The pnsent im(‘stigaii(>n w^as to study the (‘((uiva- 
lence of repetitions for recall and recognition for four materials, pictures 
of objecds, g(‘()metri(‘al fonns, words, and nonsense syllaldcs. Each sub¬ 
ject was shown 15 words successively at intervals of two seconds each and 
th(‘ii n^quired to reproduce those ho remembered in three minutes. The 
subject was tlun given a set of 30, containing the original 15 words, 
from wdiich ho was to select 15 wliirh he thought were jireviously pre- 
sentoi. The first sol of 15 words was shown again as before, and then the 
subject reciuost<‘d to r(*eaU those he could and select 16 from the 30 set. 
This was contijiued until he had recognized and recalled all of the 15 
words correctly. The experiment was repealed for the three other ma- 
ierials (forms, syllables and pictures). 

The results show that the difTercnce between recall and recognition is 
greatest for pictures, somewhat less for forms and words and least for 
nonsense syllables. In examining the material one finds the pictures 
offer the greatest richness of associations. The forms, too, can be visual¬ 
ized and in several cases named; the words, which were all nouns, have 
some associatiouK, but lack a form or picture element. The syllables, as 
their name implies, were nonsense, most, if not all, of which were devoid 
of any association. 
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The individual (liHVivjioeh shown hv llio sul)jocth an* iMtln'r iiit('r(‘sting. 
The ratio of llio mvaltvsl- luiiubor ol ropotitions to the h‘a>t nunilHM’ in¬ 
creases as wo pass from the pictures to the forms, words and finallv to the 
syllables for recognition and for recall with the excvpiion of syllabh's. 

From the experiineiit it may be conclu<lo(l that tln‘ diiren‘nt^‘ bidwi^en 
recall and recognition varies witli the malenal to be remembered. The 
greater the wealth of association offered by the material the greater the 
difference between recall and recognition. It is aiiggoative, at least, that 
individual differences, especially in recognition, are least when the ma¬ 
terial is rich with associations and inercasi' as tlie material lias fewer 
associations. 

One of the practical applications is in the selection of trade-marks. 
To be successful a trade-mark should be easily recalled and recognized. 
Arbitrary combinations of letters, like Lho nonsense syllable, musi he pre¬ 
sented many more times than pictures or forms, and yet we find the busi¬ 
ness firms are continually using nonsense material as trade-marks. 

Miss Ross said: Judging in general is a thing abonl wliicli \>e all 
speak with much assurance. In fact, we hardly eviu* })ick up a ])aper 
without seeing an advertisement for a person of ^‘goo<l judgment.’’ How¬ 
ever, if we should turn to psychology to see what the psychologists have 
said about a general capacity of judgment we should tlnd practically 
nothing. James is the only one who has much to say on the sulijcet and 
his words arc little more than a suggestion for further investigaiion. It 
was to determine if there is any general judicial capacity and to find if 
there is any corrolaliou hetwoen different kinds of jinlgmenls that this 
experiment was perfomicd. 

The material was of six kinds, involving judgmenis of art, rliythm 
tact, puuisliments, expenditure of salary and an ethical judgmonL The 
results pro^ed that we had a social group of subjects, as the high(*st ratio 
was 1)5 per coni, and the lowest 3;^ jier coni, carrying out the two-to-one 
ratio which usually charactorizes a social group. 

The individual percentages wore obtained by having the subjects ar¬ 
range the material by the order of merit method. Thon we obtained the 
average order of tlic group and used this as a standard. We correlated 
the arrangement of each individual with the standard arrangoiuont, and 
the resulting per cent, shows the degree to which the individual is corre¬ 
lated with the group. 

When we had secured these results, we correlated the results of the 
different groups and found that there is no relation between them. The 
average of the correlation is —.09, That is, if a person, for instance, is 
a good judge of rhythm, we might expect him to bo an equally good 
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judge of tad, but ilu* diaucob oT this bemf» true are negative. It is the 
same in any tvo things >ou eiioose; the correlation is practically zero. 

Thus we may (conclude that, whereas certain persons are endowed with 
better judgment iJian others, tliere is nothing that can be pigeon-holed as 
general judicial (*apacity, and the fact that a person is good in different 
kinds of judgment is duo to chance only, not to any intercausal relation. 
There is no correlation whatsoever between the different types of judg¬ 
ment. The highest per cent, obtamed by any one in the judgment of 
ethics was 93 per cent., yet that same person was —.28 per cent, m 
artistic judgment; so wc (*aii safely say that there is no general judicial 
capacity, nor is tliere any correlation between the different kinds of judg¬ 
ment. 

Mjss Walton said: 1’ho niaiorial for this experiment cousidod of a 
series of fifteen ])ossible reactions to a given stimulus. These were type¬ 
written on strij)s of card))oard of approximately uniform size. I'lie sub¬ 
jects wore iiiatriicted to arrange the material in order of merit with regard 
to their rhythmical, ethical, practical, tactful, or artistic value. 

Tho material for rhythmical judgment consisted of short stanzas, 
selected from various poets, ranging from Milton to Kipling; that for 
artistic jndgmeuit of small reprints from various celebrated artists. The 
practical judgments included a scries of budgets prepared for the ex¬ 
penditure of a w'hool-teaeher’s salary, and a list of punishments for the 
trivial olfeiiM's of a small cliild. 

From the arnuig(uuents made by the twenty-five subjects, we estimated 
the average order. Thm we determined the degree of correlation be¬ 
tween the average aiul llie individual orders. 

From these statistjcs, ^vo foujid that, in the subjects studied there is 
a greater agrcimumt in idhical judgment than in any other kind. 'The 
judgment of art prove<l to be the poorest, the average correlation with 
the avemg<‘ judgment h(*ing and -f-41, respectively. Next in order 
to the ethi<*al jndgm<»ni <'aine the jinlgmenl of budgets with an average 
of +.63. 

Arrang<»d in iuinierh^al order, the averages for tlie various judgments 
were: ethical, .68; ]n^ctieal (budgets), .63; tact, ,62; practical (punish¬ 
ments), AS; rhythmical, .42; artistic, .41. 

This would seem to suggest that people, in general, judge most nearly 
alike on matters which are of general interest and differ most on matters 
which are purely personal. 

The individuals in the group differed greatly among themselves. In 
tlie average for the varioxis materials, they ranged from 36 per cent, 
correlation with the average to 16 per cent. 
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\\(‘ found no m'v dili'oroneoh iUuon}> (»ur hmic ihcro wtuv 

ojil> Ihc men iiinl twoui) women, oiir ivhulth can onh lie sanuestue, but, 
in tliifi invebiiffiiiion, ihe women dilfcred more ainoii” llii'mhelvi'b. Ilian 
llie\ did from tlie men. For evample, a f^rmip of li\(> women seliool- 
teaclieri? dilfered more from a ffroup of (ivi* women sladi'iiU than llie 
whole {’roup of Avomen, or any isopai-ah’ {’I'oup of iliem, dilfered from 
the juen. 

it wab also mtorcbiing to note tlmt lire group of live women bchool- 
teachem had a verv maeli higher correlation witii the group, as a wliole, 
on the subjecd of tlie praclieahilily of the budgels prepared for a seliool- 
tcacher'a balarv than Ihe rest of the group. 

Another point suggested by this e\i)eriinenl ib ihe had lliai indiv iduals 
whose average eorrclalion dilTenal within a ver\ small range had a very 
nuich higher general average than IIiom' individuals who dilfered over a 
vei V wide range. 

Another iutoresling fact was that those individmiLs who had the lowest 
correlation for the juilgrneut of punishments were, in almost every ease, 
lieojile who Jiad had no expcriciiee iii punishing. 

Wo also found that tliose individuaN wlio had the liighest average were, 
appiuximately, the oldest people in the group, whereas those who had the 
low'est average wore about tiie voiiiigesl. H'lu’se facts huggesl tliat judg¬ 
ment is a matter of practice. 

Tlie facta, as liere ivresented, seem to sugg«>st a negative correlation 
lictweon pracdicnl and artistic judgment. 

I’rofesbor Eliger: A si’riosof lifleen pu/ydes, I'ourti'eii of wliieli formed 
a related series involving ihe same priiiei|ile, Imt vviili increasing com 
plevities. was given to m aludeiits <:i0 women ami '!(> men) in the me- 
(hanieal drawing elasses of Teaeliers Collegi’, and In ‘.'.‘1 simleiils (15 
women ami 8 men) taking an advanced eoiirsi' in mallieimilies. 'I’liirtv 
minutes were nllovvi’d lor tlie test. On tlie present iiudiioil of scoring, 
eacli laizzle was eonntod as liaving a value of 1, As a matter of fact tlie 
later numliers were more diffieiill than the earlier. Woigliting llie later 
members would prolmbly eiihaua* the diiTereneos to ho staled. In tlu* 
group of 65 students (5 3/;{ per cent, of tlie women reached ilio ravik of 
the median man. Ju the ease of the matliomatics group at) per cent, of 
the women reached the rank of the median man, 

A single puzzle was tried with three otlu>r groups of stiidonls, chioily 
m elementary' and secondary education. In group .1,6 men and ‘il 
women, 29 per cunt, of the women readied or ovi’i’eded lliti imsition of 
the median man. In group /f. 8 men and 22 women, i) per m\t. of the 
vv'omen reached the position of the median man. In group (\ (i men and 
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25 wonicMi, r*)!) p(‘r tont. ol tlio women roaeliod tlie posiiioii of tho median 
man- Group A learned the puzzle af1x?r boin^ given tho theon for it; 
group J> unaided, and group by imitation. Wliai part of the actual 
difTorenco is a true sox diiroronoc is not delerminod. 

1Mu‘ Section thou adjourned. IfomuiT II. Low'ir, 

Secretanj, 

PA SINKSS AIKETING 
-J ¥i.Y, l9Jd 

The Academy mot at SiH e. m, at tiie \niericaii Museiiin of Xatural 
History, Prehident George P. Kunz i)rohiding. 

The ininules of (he Iasi business meeting W(jrc read and approved. 

The following eaiididale for aeii\(‘ membership in the Academy, recom¬ 
mended hy (V)uneil, was duly el<‘cted: 

flames horing Arnold, New York University. 

^riu‘ I{(‘(*or(ling S(H‘retary reported the following deaths; 

(liarlob J- Perry, Aetive Member of the Academy since 1005, died 
18 July, 

Karl Ilulter, Life Ahmibcr of the Aeadcmv since 1010, died 14 
June, V.)V\. 

Acad(‘niy then adjourned. Udmum) Otis IIovky, 

Recording Sefretary, 

SMtTION OP GPOhOGY AND MINElfALOGY 
1 M VY, 1011 

He('tion was i‘all(‘d to order hy \ iee-Presideni P. Berkoy. In the 
ahsenee of the Wceretary, Ih*ofessor 1). W. tiohnson was appointed secre¬ 
tary pro I cm. Th(i meeting was favored with tho prosonco of the State 
I^ileontologisl, Dr. John M. (’larke. About 10 nicmbcm and visitors 
were in atlondanee. 

Dr* George P. Kunz reported briefly upon the nature of a large eol- 
lection of diamonds from the IVansvaal which he had recently examined. 

The Section then pro(‘eedcd to tho regular pi-ogninime of tho evening 
as follows: 

k 

Fri1;7 Berckhenuner, tiii' OcciiiiUKVcK oif Cvi.cvkj'Xju*; 

AxaiB IN Tins PALEozoro Books ov 
"South AumioA.. 
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Francis M. Van Tuyl and 

Fritz Berckhemmer, A Piioitiii.MVTic Kohsii^ ntdji tiik (Ath- 

KILL FoUllATlOii. 

Francis M. Van Tuyl, Tim-; Mo'iti-ki) Tiiiitis Hill Limkstontk 

\>ji) ITS Bi:m{in« (»n Tiih Origin of 
Dolomite. 

A.W. Grabau, Tin? Black Hiivli-: 1’rohli..m: HTiTin- m 

Paleozoic Geography. 

Summary of Papers 

Dr. Berckhemmer showed by means of lantern slides tiie iircseiu-e of 
the genus SpJicerocodium in Ordovicic rocks of this countiy, a matter of 
nnnsnal interest because it constitutes the earliest known occurrence of 
tills genus. A new species of ealeareous algaj from the Upper Ordovicic 
was described, and pictures of tlie lirst known lime-precipitating algie 
from the North American Siluric were e.\Iiibite<l. 

The ])aper was discussed by Dr. J. M. (’larke and Ui'. B. 0, Ilovey. 

kir. Van Tuyl read his joint pajier with Dr. Berckhemmer. lie de- 
itcribed and discussed a fossil of uncertain aiiinities, collected from the 
Oatalrill beds at Henrysville, Pennsylvania. The authors concluded that 
the form could not safely be referred to any known groups of organisms. 

Dr. Clarke and Professor Qrabau discussed the jiaper briefly. 

Mr. Van Tuyl, in his paper on limestone, showed that the mottled 
structure of this limestone was due to tlio presence of irregular patches 
of yellowish, coarse-grained dolomite, which stand out in relief on wea¬ 
thered surfaces. The dolomitizalion pror-eeded either in an irregular 
and imperfect manner by alteration along stratification lines or in dis¬ 
connected paiehos; or in a more regular manner along do(initc‘ line's 
which appear to represent worm castings. In both typos of alteration, 
certain layers of the limestone have locally been completely changed to 
dolomite. It was coneduded that the mottled limestone represented un 
incomplete stage in the process of dolomitization, and tliat the alteration 
Iiad taken place at the time of, or very shortly after, deposition. 

The paper was discussed by Dr. Clarke and Professor Borkey. 

Dr. Grabau indicated, with the aid of maps and diagi’nms, probable 
physiographic conditions which existed when the black sliale was de¬ 
posited. Various theories which have been proposed to explain this for¬ 
mation .were briefly outlined and criticized. The author concluded that 
1 he. shale represented fine black soil of a low-lying peneplain which was 
in part washed into the sea by rivers, and in part reworked by waves and 
currents as the sea transgressi'd the land. In tlw' northern w'ctions the 
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filiale is believed to be of Devonic age, while farther Hoiith it is Missis- 
sippic. 

Dr. (Marko briefly indicated a number of points on whicli lie disagreed 
with the autlior’s conclusions. The paper was further discussed by Mr. 
F. James. 

The Section then adjourned. D. W. Joii^^sont. 

Sed-etarji pro tern. 


SE(TrON OF BIOLOGY 
11 May, 1914 

Section mot at cS:15 p. jM.. Professor Raymond C. Oshurn presiding. 
The miriiitos of the last ineetiiig of the Section were read and approved. 
The following prograuiine was then offered: 

H. von W. Schulte, Kkuia St\oks in tiik Dmi noi»'\iKNT ok the 
Bu\in in the Doaiichtic Oat. 

Frederick Tilney, The Moiumiolooa or the Peoou of the Tirnm 
VeNTKIOLE IN OllANlATES. 

O.S.strong, The IhiKORY of Neuve Components, 

SuMAHUY OF Papers 

Professor Schulte discnihSCMl ihe very early ainl hitherio little known 
stages in the clevelo|)!nont of tlie brain in the doniealie cal in their bear¬ 
ing outlie iirohlem of the primary eneephalie seginents of ilu‘ maniinalian 
brain. This paper lias been pAiblished as pages 319-;i M> of tin’s volume. 

Dr. Tilney, by means of a series of cross-sections and reconstructions 
of the region of the hypophysis in typical verlebratt^s, en(l(‘avoro(l to trac(‘ 
the homologies of the di\(»rsoly modified parts throughout the v<»rtobrnte 
series, (Partly published in ^internat. Monatss(*hrift flip Anai. iind 
Physiol.” m. XXX, 19111.) 

Dr. Strong iraci'd th<‘ history of his subject (‘Sfieeially in mlation to 
ihc M'ork of the ^‘American Bclioor’ of neurologists. lie dlscusso^l the 
raoriihological classiiication of nerves and nerve <jomponents, spoke of 
the technique of traidng nerve components in complex hundles and out¬ 
lined the broader conclusions relating to the several homologies of ihc 
cranial nerves in fishes on the one hand and in terrestrial vertebrates on 
the other. 

Aftei* remarks by Professor fTunlmgton and others the Se<jliou ad¬ 
journed. 

William: K. (htEiioiiY, 

Serrelary. 
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SECTION OH*^ ASTl{ON()T\IV, PIIYSK^S AND (^flKMISTHY 

18 iMu» n)l 1 

Se(‘iion was called to order at 8:15 r. m., Vico-Prcsidenl (Jliarlos 
Baskcrville presiding. 

Tlie minutes of tlio last mooting of the Section were road and a))proved. 
The following programme was then offered: 

D.D. Van Slyke, Tjfk Mioiivntism Evzymk Action. 

Victor E.Levine, lliocinuMroM. Stcdiks oi<’ SKLiiNiuM. 

Summary op Paper 

Dr. Levine said in abstract: Rxperimenis were reported relating to 
the rodnetion of selenium compounds of chemical substances of biologic 
significance, by micro-organisms, bv plant and by animal tissues. Toxi¬ 
cological and piiarmaeological effects w(‘r(* also studied, as well as the 
effect on germination and growth of plants, the effect on enzyme activity 
and the effect on the precipitation of proteins. The compounds (‘inployed 
were selenium dioxide (seleinoiis acid), so<liniri liydrogon seleniliN normal 
sodium selenite, solenic acid, sodium selenate, potassium seleno(*yauat('. 

A discussion took place after tho presentation of the papiM's. 

The Section then adjourned. 

K R. Smith, 

' Hrarfan/. 

BUSINESS MRETlNt^ 

5 OOTOBKH, DM! 

The Academy met at 8:10 i*, m. at the Aineri<*au Mummiiu of Natural 
History, President George P. Kunz piu^sidiiig. 

The minutes of the last business meeting were read and ap|)n»v<»d. 

The following candidate for Associate Membership in tli(‘ Academy, 
recommended by Council, was duly elected: 

Warren S. Smith, Columbia University. 

The Eecording Secretary reported the following deaths: 

Heinrich Eosenbusch, Honorary Member since 1887, died 20 Janu¬ 
ary, 1914, 

Seth Eugene Meek, Correspondent since 1888, died 0 July 19 
A. S, Bickmore, Fellow and Active Member since 1873, die<l 13 Au^- 
gust, 1914^ 
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Samuel II. Libliop, Active Member since J907, died May, 1911, 
J. Laiigelotli, Active Member since 1905, died 11 August, 1911. 

J3r. Kunz preseuted a note regarding the long period of dry weather in 
eastern North America, an abstract ol wliicli is as follows: 

Realizing that we have liad no rain since the first ol August, except a 
few showers, a possible sulutioii presents itself. We all blow that it is 
believed that the bur&fcmg ol* Ingli explobives precipitates moisture; the 
evening ol' the Fourth of Jul.\, wbcji lireworks are used, generally ends 
in a shower. Wo know, furtlioi’more, tiiat all northern Europe has re¬ 
cently sutt'ered intensel^^ from rains of unusual severity, causing loss of 
life and difliculiy in transporting heavj^ artillery, and that these atmos¬ 
pheric conditions ha\e followed the bursting of innumerable shells over 
a wide range of tiu-ritory in tins region. 

Is it possible that the al)S(‘uce of equinoctial storms in this country may 
be iiiibrectly the result of the constant and j^rolonged use of oxjdosivcs 
in the war in Eiirojie? Idirough the courtesy of Mr. Spur, Director of 
the New York oilioe of the Weather Ihireau, it is shown that this is one 
of th(‘ greatest droughts that wo have evm* exiierienecd. would seem 
to iiKli(*ate that such a condition as actually obtains in nortliern Europe 
influeiices not only its own immediate vicinity, but territory a great dis¬ 
tance away. The well-known tendency of natural forces to maintain an 
average might be the factor producing this startling ineipiality in tlie 
rainfall. 

The Academy then adjourned. Kdmum) Otis IIovwy, 

. Ii(>( onibif/ Hemlanj. 

NEC’TION OE (D«)D()(1Y AND MINDltADODY 
5 0(T()HMH, 1911 

Tlu‘ Section was called to order at tS:l5 e. m., Vi<*e-Presidi*nf (\ l\ 
Bcrkey presiding. 

There being no business to transact, Uie following sidentilie programme 

was <>iF(U’o<l: 

Douglas W. Johnson, TorooiaeiiK^ b'cvTiim^s ok Wi^vii-jun Mirnoew 

AND TIIJSTB iNlfLUIflN’OE ON TIIM OAMKAION 

A(U1NHT FuAN(U!). 

SUMAIMIV OK BACim 

Professor Johnson desendbed the salient foaturofi of geological struc¬ 
ture west of tlie Khine and explained the influence of this structure upon 
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surface lopograpJy. S})(‘<*ial attention was given to the Ehine graben 

and the strong eoiitravst betwc^en tlie steep easti^ni and gentle western 
slope oC the Vosgoh; ihe inahircJ> dibseeiod p(‘ncplane of western Germany 
and the Ardennes ttenehed by the incised nieand(‘ring valleys of the 
Ithine, iloseJle and Meuse; the eoncinitric enestas northcaRt and cast of 
Paris, with their steep oficarpmenis racing toward the Germans; and the 
comparathely level plains of central and northwestern Belgium. 

The topography of western Europe limited the Germans to four prin¬ 
cipal rontes of invasion: (1) irtmi Strassburg in the Ehinc Valley over 
the Vosges or via the BeHort Gateway into bVanee, and then o\er the 
successive cuesta scarps to Paris: (2) from (Joblentz Ma the Moselle Val¬ 
ley route and Luxemburg into France, and then across the remaining 
cuesta scarps to Paris; (3) from Cologne via the Meuse Valley route 
thmugli the Ardennes in Belgium to Prance, thus encountering a still 
smaller number of the cuesta scarps; and (4) from Cologne and Aix-la- 
(Uiapolle across the plains of Belgium through Brussels and Mens to 
northern France, and thence via Cambria and St. Quentin to Paris. This 
route (385 km.) is 50 per cent, longer from German territory to Paris 
than is the one most feasible (Moselle Valley route, with distan(*e 200 
km. from German border to Pans, air line), but is topographically the 
most favorable, although the choice involved longer lines of communica¬ 
tion, the violation of Belgian neutrality and the possibility of war with 
Great Britain. Germany preferred that route whose topography most 
favored the rapid advance of great armies and heavy artillery in the faec 
of an enemy. 

The influence of topographic details upon inimeuvers at diilerent 
points of the battle lines vvas discussed, the strati'gic value of water gaps 
and wind gaps, marshes due to riv(‘r capture, and cuesta scarps being 
especially evident in the battles of Ihe Marne and Aisne. 

The paper was illustrated with maps, charts and laniern slides. 

The Section then adjourned. 

A. B. Paojn-j, 

Scerdary, 

SECTION OF BIOLOGY 
12 OoTOmsii, 1914 

Section met at 8:15 p. hl,. Professor Eaymond C, Osburn presiding. 

The minutes of the last meeting of the Section were read and approved. 

The following programme was then offered: 

W. D. Matthew, New Disoovehtbs w the Lower Eocene Mahmals. 
W. K. Gregory, An American EocEasre Lemur {NothwreiuB Leidy). 
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Dr. Matthew .snd in <il)straci: The many luiiidreds of mamiualiaii 
fossils secured by the American Museum expeditions to the Lower lilo- 
cene of Wyoming and New Mexico, under Mr. Walter Granger, included 
matcml which had led to the following conclusions: (1) tlie Armadillo 
group, already known from Metacfidromys of the Middle Eocimio, w'as 
also represented by aben-ant genera in tlie Lower Eocene; (2) Hyopso- 
du$j classed by earlier authors as a Primate and later as an Insectivore, 
proved to be a ^e^y primitno member of the Oondylarthra; (3) certain 
upper and lower tooth boro a marked r(“iemblance to those of the existing 
Oaleopithecvs, and may indicate the presence of the Dermoptera in tlie 
North American Ijowot Eocene; (1) a fragmentary jaw bore lower molars 
that are remarkably similar to tbose of certain extinct Patagonian genera 
allied to the IlomalothoreR. The fannistic bearing of these diseo\eries 
was discussed. 

Dr. Gregory revie\\e(l the syslenmlii history of the family \otliaiv- 
tidie, and illustrated some of the fossil and recent material which had l(‘d 
him to the following conolusioTis: 

1) That the American Nolhandida' and the European Adapidiv are 
so closely related that they may well ho regarded as belonging in a single 
family, the Adapidie; including two subfamilies, the Adafiiiuv and tin* 
Notharotince. Those diverged from eatdi otlnn* at an earl\ dale, ]KM*bapH 
before the Middle Eocene, and followed ililTerent lines of evolution in 
Europe and in America, The family Ada])i(la‘ may Ix' defimxl as follows: 

Dental formula ()| 

Incisors with cutting edges and Kpatulaic tTowiis. Canines caiiinifonu 
not incisiform. Lacrymal not oxteiulod on fiu'C. Ijacrymal foramen 
marginal. High sagillal and lambdoidnl ccf'sis. Brain-cast' not much 
expanded. General orchiteeturo of skull siibsinnlially ns in Ix'muridic, 
mcluding mode of formation of auditory bulk', position of tympanic 
annulus, course of internal carotid artery and position of all otht'r fo¬ 
ramina. 

2) That the Notharetine division of the Adapida* is also rather closely 
related to the stem of the existing Tjemuridao. 

3) That the remote ancestors of all the higher Primates, especially 
the New World monkeys, went through a stage of evolution which is 
nearly represented by i^e more primitive members of the Notharctino, 
such as Pelycodtts fruyivoruit : but that there are no known tjrpcs which 
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actiuillj brid^^o o\oi‘tlio K<ru(*iural tlio liii>lK‘r PriniatoK 

as a wliolo and llu‘ Notliarotiiuv. 

The Soc'iioii thou adjoaniod. Wiiiij\M K. (J|{k<;oi{\, 

tiecrelarjf, 

SECTION OF ASTlfONOMY. I>nYSI(\S AND (4IE1VHSTRY 
U) ()(TOUK!{, li)l 1 

Section was called to order ul Hilo i». Vice-Prohideot diaries Has- 
kerville presidin^^ 

The ovcauij; was doNoted to tlu* following lecture: 

C.E.Ferree, Tiik Tin: Km i ndlu Diiniii\'i Co\i)i- 

TIOKS OK LkUITINO. 

SuMiiAuy OF PArFu 

Professor Ferree's coniniiiiiKation ga\e tlie lesulls of o\lcn^i\(‘ ex¬ 
perimentation iu the illumuiation of lecture halls, recitation rooms, 
laboratories, etc. 

A discussion of the paper followed. 

The Section then adjourned. E. E. Smith, 

liecrelanj, 

SECTION OF ANTHROPOLOGY AND PSYlMlOl.OGY 
);)() (h^rooKii. li)H 

Section met at 8:15 v. m., Professor Franz Boas presiding', llie min¬ 
utes of the last mcotuig of Ihe Section were read and approved. 

The following prognirnine was ihen olfered: 

A. A.Goldenweiser, Ouuunk of (h^vNs xmono tiik Inogrorw. 

Alanson Skiimer, Socl\l and (hiiiKAioxiAn Ohowizations vnd So¬ 
cieties OF THE Iowa iNorANS. 

Robert H.Lowie, The GuLTrriAL Uklatjons of the Nohthkuk 
Paitjte. 

SUMTMAIIT OF PAPERS 

Dr. Goldenweiser said: The problem of clan origins has for years at¬ 
tracted the alleniion of ethnologists. The common assumption made 
about the origin of elans is that they liavo sprung from an original social 
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^roiip llirongh subdivision, the primal group ol'leji flcvoloi)mg inio a 

Kescarolies among tlie Inupiois of Meblorii York uiid (‘Hsiorn 

Canada revealed three types of dan origins. 

Type 1. Origin by subdivision. 1"liis is seen in the commoji plienoiu- 
enon of two clans bearing the Jiainc of the same animal but distinguished 
by an adjective. Here it was possible to prove that such dans originally 
constituted one clan, for they still preserve the same set of individual 
names. 

Type I[. Origin b\ fusion. A number of instances June come io light 
in which a Delaware and a Tusoarora dan of the same nanio. or an 
Oneida and a Tuscarora dan of Ihe same name, have fused iulo one elan. 

l\vpe ITT. Origin from a maternal family. In one insiance at least 
it can be shown that a maternal family (*onsisting of individuals of one 
direct line of maiermd desciuit, has (hweloped into a clan distinguislied 
as White Boar, whereas ilic other individuals of \\hat was originally the 
same dan, are knovii as Blaek Bears or Bears. 

It w'ill be noted lhat in origins of types I and li (conditions of locality 
and population must have been determining factor's. Ther(‘ are reasons 
to believe, however, that not one of tlu‘ above throe types of origin rep¬ 
resents the origin of clans which w^as most common in the history ot 
society. 1 refer to the origin of dans from local groups which develop 
social solidarity tlirougli the exercise of common functions and inter- 
naany, pi'oducing the local difitrilnition of individual dans so character¬ 
istic of communities Imving dan or gentile systems. W(‘ may designate 
this type of origin, whidi has not so far been clem()nstrat(*d b\ sufficient 
concrete data, as type JV. Conditions <m the Northwest (k)asi make it 
all bill certain iliat suidi was the jireilominant origin of dans in that area. 

However that may be, the above iiislaiuces, (‘\cepling type III, make 
it clear lhat the growth and depletion of a pofiulalion on the one hand, 
and occupatiou of the same locality on the oth<*r, must have boon all 
important factoi-s in the history of clan origins. 

^\\\ Skinner said: The Bnva are (Ii\id(Hl inlo sexen exogamie firnites, 
each of wliicli is made up of four &ubgoul<*s. (Miieftainsliip is hereditaiy 
in the royal family of each subgens. The tribal chief is the eliitd’ of the 
Buffalo gens during spring and summer, and of the Bear gens during 
winter. On the march or hunt a chief is elected each night, his office 
expiring the following evening. In addition to the gentile system the 
tribe has tliree classes or castes: royalty, nobility, and (‘onimonors, wliich 
tend to bo endoganious. 

The societies and daticos of the Iowa are of four types: military, social, 
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aueientj and modem mystery dances. jVlany of tlicho are ly|)ieal Plains 
militaTy societies with the no-iliglit rife mid crooked spear regalia, etc. 
I’he rielncka dance is important Of mystery and animal dances tlic 
Buffalo dance and Medicine dance Lake firnt rank. 1'hc latter is a form 
of the Algonldn Midewin. Of modem societies and cults the Ghost 
Eeligion and Peyote ritual are foremost. The Peyote cull is rapidly 
doing away with all ancient customs. 

Dr. Lowie explained that tlie N’ortiiern Paiuto (Paviotso), who claim 
linguistic relation with the Bannock, had been m recent contact with the 
Shoshone on the east, and Washo and Pitt Eiver Indians on the \\est, 
the latter (ignring in tradition as their foremost enemies. Oulliirally, 
the Northern Paiute display interesting relations with lioth the Oali- 
fornian Indians and the Lemhi Shoshone. Some of their tales are espe¬ 
cially suggestive of important Lemhi myths. On the other hand, the 
eeimomic life, with its very extensive dependence on seeds, tlie liigh de¬ 
velopment of hasketry, the use of the balsa, and other fraits indiiato a 
cultural connection with California. 

The Section then adjourned. Eobrut H. Lowiii 

Serrelarif, 

BDSCNESS MEETING 
2 NoVERlBKIl, LOU 

The Academy met at 5:05 \\ m, at the American Museum of Natural 
History, President George F. Nunz presiding. 

The minutes of the last businchs meeting wore read and af)pn)v<'i|. 

The following candidates for mcinborship in Ihe Aciuleniy, m'om- 
mended by Council, were duly elected: 

Active McMBiuthriip 

Milo Heilman, 40 East 41st Street. 

Assoc rm Membership 

Samuel H. Knight, Dept. Geology, Columbia Univ. 

The Becording Secretary reported the following death : 

E. E. Hahn, Associate Member since 1912, in one of the German 

attacks on Nancy, France. 

The Academy then adjourned, PmMCJiirn Otis TTovby, 

Recording Serrelmj. 
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SKOTION OF OKOLOGY AND MINKRALOGY 
2 NovBMBJiii, 1914 

Section met at 8:15 p. m.. Vice-President C\ V. Berkey presiding. 

No business was transacted, and the evening was devoted to the fol¬ 
lowing lecture: 

Reginald A. Daly, Ihioni i ms or Vor<’\Nic V(^tio\. 

SUJVUUVRY OP PA.PEU 

Professor Daly ^aid in abstrad To understand tlio constitution of the 
earth it is necessary to know the mechanibiti of its volcanoes. Progress 
in completing tlial knowledge depends on the making of rigorous dis¬ 
tinction between the essential and the subsidiary questions regarding 
volcanic activity. Among the essential questions are: Wliat is the first 
step in volcanism? How is a volcanic vent opened? How is its activity 
continued? Why is that activity intermitleut? Why are some vents 
arranged in lines while others are grouped in clusters? What are the 
causes of volcanic explosions, of lava outflow, and of variations in the 
character of lavas? The measure of contemporary success in solving 
these problems was considered. 

After the lecture a collation was served in the Eskimo Hall. A re¬ 
ception to Professor Daly followed, and the Section then adjourned. 

A. B. Pacini, 

iSVrrcter//. 

8KCTION OF BIOLOGY 
0 November, 1911 

Section met at 8:16 p. M.. Profesbor Raymond C. Osburn presiding. 
The minutes of the last meeting of the Sect ion wen* read and approvoi 
The following nomination for the year 1916 was made and approved 
for transmission to the Council: 

For Vice-President of the Academy and Chairman of the Section: 
Professor Raymond 0. Osbum. 

'’Dr. W. K. Gregory was elected Secretary for the year 1915. 

The following programme was then offered: 

George T, Stevens, Some Elemi:\t\ry Forms and Puicnomena in 
THE Evolution of Visual Picroeption. 

W.K. Gregory, OBHEiiwrioNs ox the Indrisiv.e and Other 
Lemurs. 
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Dr. Stevens siunni<ii i/(‘<l ih(* nsulis of liis mic'ro^c'ojuc slinli(‘s iiiuh^r 
the follovriii^Mopu'ih, wcmv illnstnited ]>\ <‘nlai“i>(*<l dniwiiigs: 

(1) Under the inflnouco of light tlio most Himplt‘ forms of plant life behave 

much as do the most elementary foi*ms of animal life. 

(2) Plants of a singl(‘ coll move about as though <*ontrollod by will power^ 

seek or avoid the stimulus of luminous waN(‘s. 

(3) There is a gi'adual evolution of what we call visual sense, from the most 

elemental impression to the (*omplete p(n*c*e])tiou of form, size and color 
of ohjects. 

(41 Primitive visual organs in leaves of certain plants. 

(5) Illustrations of the influence of luminous waves shown by various plants 

and animals rising gradually in the s(*ale of organism. 

(6) Specialization (►f locations and organs for sensibility to luminous impres¬ 

sions. 

(7) Visual organs in more advanced forms. 

(8) Natmre of sense of perception of form. 

Dr. Gregory illustrated the osteology of the ])iinci|)al recent and ex¬ 
tinct members of the Indrisinse, a group of herbivorous Malagasy Pri¬ 
mates, showing that in the more deep-seated characters of the skull and 
limbs the Indrisinae are true Lemurs, and that structurally they roproseiit 
a specialized herbivorous modification of the Eocene loimir type, 

''rhe Section then adjourned. 

WlLLlAAI lx. (tREGORY, 

Secrelanj , 

SECTION OP ASTPONOMY, PJ1YaSJ(\S AND OIIEMLSTKY 
IG November, 1914 

Section was called to order at 8:15 p. m., Vic-e-I^nxsident Oharles 
Baskerville in the chair. 

The minutes of the last meeting of tlie Section were read and approved. 
The nomination of officers for 1915 was referred to the Oouncil. 

The scientific programme of the evening consisted of the following 
titles: 

James Kendall, Ionization Equilibrium. 

Beinliard A. Wetzel, Tkk Stark Effect or Electric Hesolittiox of 
THE Spectra of the Elements. 


Summary of Paper 

Mr. Kendall said in abstract: The divergoncefi from the dilution law 
exhibited by acids in aqueous solution have been critically investigated* 
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The iiu-rcase in ilio dist-^ociation constanl wlien tlie ionic conconiraiion 
is largo is found to bo roprcsented quanlitativoly by tlic oqiiaiioii: 
jr/(l —//) . v = h r (1 —.//)///. This (‘inpirioal formula is applica¬ 
ble to acids of all sirongths. 

The docr(*aso in ili(‘ dissociation (Oiistant when the iotal concent mil on 
is largo is found to di'^appoar nndor the assumption that ionization is 
not spontaneous, but induced bv tlie solvent. The lcgitimac\ of this 
assumption has Ikhui discussed, and the e\poi‘nnental data shovn to be 
in its support. ^rii(‘ dissociatjiig power of the solvent is ascribed to its 
imsatnrated cliarac tor, I. c., to tin* presence of free valences, 

A discussion folloNNod. 

The S<‘(tion IIumi adjoin ikmI. B. B. Suitit, 

;SVr trianj, 

SECTION OF ANTlIIJOPOLOtJV ANT) FSV(MI()LO(jY 
V) NovrMnwH, IbM 

Section met in <'onjujiction with the New York Ib-aiuh of the Ameri¬ 
can Psychological Association at (V>Iinubia lJni\erKity, Prof(‘SS(>r R. S. 
Woodwortli presiding. 

The following nomination ior Vic(*-Prosident of tlie Academy and 
Chairraau of the Section was approved for transmission to the (Vmcil: 

Dr, (Hark Wisslor, American Museum of Natural History. 

Dr. Robert H. Lewie was elected Sivretarv of the Scu'tion for the \ear 
1915. 

The following scieniilic programme was then offered: 

Wasme P.Smith, Somk Ahckcts ok Emotional Riu(Tion.s. 
Oany 0. Myers, Motoh-Kmotionai. Expukshion ok an Inkant, 
H« L. HoUingworth, ''Puk Look’ ok Intiohmkdiatk Stki»s. 

Bichard H. Paynter, Expkuimmnt vs . (k)UKT I)k<’ihion. 

G.Homer Bean, Di.wionstiution of PK^(’II()LooI^u. Aim»\u\t»is. 

SUMM VKY OK PVPKKH 

Mr. Smith: 

Imporlance of Emotion ,—Psychological study is beginning to confirm 
common observation as to the signillcance of tlie feelings and emotions in 
behavior. Educational practice has beeji iu advance of educational tlie- 
ory; for it has sought to utilize feelings and emotions iu development of 
saiu* and efficient social workers. Tt has recognized tliat things that 
affect or evoke emotional reaction and tend to get more iTnmediate motor 
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response, comm«'iJi(l more iiiorough eonsideration amt iiilor])roiatioii than 
<lo those without tliis “appea?^ or emotional (hametor. From reeling as 
tlie elemental evaluation of things Cor life springs inquisitivenesa, or the 
whole knowledge process. The chief function of knowledge seems to bo 
to clarify, that is, to emphasize and nnif\ in a larger perspective, the 
values of things to which response is to be noiade. 

Conditions of Emotional Beaction ,—^Emotivity depends first upon the 
nature of the individual as determined by race, sox, ago, environment, 
and disposition; second, on the state of the individual as determined by 
Caiigue, health, inertia, and the functioning of certain organs, especially 
the cerebral cortex, the skin, certain sense organs and the alimentary 
canal, sexual organs, certain ^'dueiless^^ glands, the circulatory and in a 
possibly less degree the respiratory system; third, by certain psychic con¬ 
ditions as attitude, interest, preoccupation, suggestibility, psychical 
habits of relatively dependable character in presence of certain emoti\e 
stimuli, and finally the interpretation of the situation. All the condi¬ 
tions that contribute to euphoria and dysphoria are involved likewise in 
the emotional reactions of an individual. 

In a more specific way emotional reaction depends upon the kind and 
degree of organization of an individual. This varies from one pole to 
the opposite. One extreme type is almost chaotic, incoherent, impn1fii\e 
and explosive, indiscriminalely responsive to all sorts of stimuli. Tlie 
other extreme is highly centralized, exclusively nanw, mouo-idoistic or 
idee fi\re in character. In ihe latter class all vilal londoiicics and inter¬ 
ests arc dominated ilirougli repression, or perversion, bv a single zotu^ 
which has a hair-trigger responsivenesb to suitable einoiional stiinulalion. 
Outside this zone such an individual shows npnlliy, a kind of poise*, and 
a comprehensive admirarP’ attitude. Variations of Ibis iype may 
be found not only in industrial fichis where occupation and idriMimsIance 
may be responsible, but also in such fields as religion, art, morality, e\i‘n 
science and philosophy. Organization iendb to establisli almost insu])cr« 
able psychic barriers against all stimuli external to the ])articular zone of 
interest. 

Emotivity are also determined by degree of ^intellectual (^mtrol,^^ and 
this is not to be confused with ^^organization^^ just cited. In those in 
whom intellectual control is most highly developed, all emotive excita¬ 
tions are taken as problems of knowledge. Even ^^shocks" are effectually 
dealt with by a system of psychic* defenses and controls. A standard of 
"emotionless^^ behavior may obtain. There arc of cwirse many varia¬ 
tions from the extreme. A general statement may be made llmt "emo¬ 
tivity varies inversely as intellectual 00011 * 01 .” 
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Function of Emoiional Reaction .—Psychological research shows that 
emotional j^eactions have a valuable positive as well as an apparently 
negative function. IMioy are more important than to serve merely as 
symptoms or psychic efte(*ts of seusoiy and motor excitation. They have 
a causalive function as recent invcsijgatioii shows. The function may 
he summarized as follows: 

1). Emotions of the more intense kind signalize the compresence of 
several motor tendencies which evoked l)y tlie perception of the situation 
are incoordinate, mutually conflicting and inhibitory in their struggle 
for expression. They are moreover inhibitory of immediate overt ac¬ 
tion, in very large measure at all ('vents, by the organism. Such imme¬ 
diate emotive responses as usually occur may be means of protection or 
communication or mero vestiges of acts that have survived the period of 
iheir utility. Among these a(‘ls may be mentioned convulsive move¬ 
ments, "freezing,” cries or growls, trembling, facial contortions and flush¬ 
ing or pallor of face, hair standing on ('lul, parched month and throat, 
and so on; many more or Icbs prophvlactic or communicative, but some 
certainly belonging to levels of beliavior not adapted to the present. 

Emotional reactions make possible and nocessary novel and more 
satisfactory mode of behavior. Momentary inhibition of gross organic 
response by emotion allows a rapid surv^^y of tho situation and incited 
motor ti'Tideiicies, both old and new, and a selective organization of these 
tendencies into a fit plan of action. Th\^ (dariflcation of the situation an 
a whole is accomipanied liy a gradual subsidt'iice of iiitonfie emotion into 
a vigorous emotional tinge that roinfori'es and "moves” the whole organ¬ 
ism to action. The outcome of the plan rellexly qualifies the remem¬ 
bered o.xperience as "emotional meaning^’ vv'hicli is utilized in fuiiiic e\- 
pericncc. 

3). Emotion not only reinfoiTcs ami givch uitimate diivcliiesh and 
quickness to the plan of bidiavior adopted; but it also sets free <*nergy 
and makc's it availabli* for iminediato conKiirnplion. Old at'coiinls say 
tliat emotion aninmtes and invigorates with tho heat and flush of swiftly- 
flowing blood, "anger sweetens the blood,” reveals a sensi' of new and 
greater powers and a faith and zeal that carry one to suceessfnl issue. 
Experimental researches support this popular idea. See among others 
the accounts of physiological exjierimcniation of Benedict and Oathcari, 
E. S. Locke, A^incent, Sherrington, Schafer, Bickel, Bickol and Sasaki, 
(^annon, Pawlovv. It is fairly to be inferred from data available that 
"big^^ emotions as f{»ar, anger and possibly lov(‘, stimulate through sym¬ 
pathetic connections certain organs as the thyroid and the adrenal glands. 
^Phe stimulation of tlu' adrenals ('(Te<*tR so(Teiion of adrenalin into tlie 
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blood, which at once accclcratorf licarl iictiou ami circiilation ol' blood, 
chao<jcs the ciicmical nature of the blood and size of blood ^osaols, 
free in more (ban usual ainounl “blood Mii^ar" from llu* User, which with 
the increased suptil.Y of ov.y}(<*ii throuf^h (luickened respiration provides 
with ni'cessars ener}-y ssdiateser parts of the orffunistn are concerned in 
(he work to be ilone. 'I’hese emotions also by inlluenee ujion other p^landh 
and organs snppri'ss (smuporarily alimentary and other proei'ssos not 
Mcrsici'able in (he f(iv(>n crisis of behavior. The sense orj^ans may be 
made hypersensitis'i' or partis suppiwswl. Mobilization and utilization 
of enerjrs is tin- e.>,sential busim-ss of certain emotions. Other processes 
are held in abeyance, 'rin- organism is delicately and aecurat(‘ly adajil- 
abto to situations that alTecL it. The emotions are instrumental in facil¬ 
itating adaptation, in setting free (-xti-a energy, and in “nio\ing” the 
whole organism to the edicient achie\emen( of lln- work (hat must be 
done. 

I). With the development of an individual emoiional reaelions ti-nd 
lo lose their “bigness” and intensity in some measure and in eombinatioii 
with other faetora to be sublimated into attitudes and sentiments of di- 
pcndable character and utility in behavior. Uniolional as wi-ll ns other 
aspects of experience are susceptible of organizaiion inlo psyeliie controls. 
Such controls are modesty, sympathy, love, loyalty, imtriolisni, and other 
familiar sentiments. With tliis feature of emolion ediiealloii is e.spe- 
cially concerned. 

Mr. Myers’s report was based on a rather exlensi\e observation of a 
baby’s emotional expression by the arms ami legs, during his first year. 
If the behavior of the child sUidietl is lyi)i<-iil, it seems IhnI pleasuralih- 
movements are at first random, duo perli}i])s to lack of eobrdiiiation of 
the moving members. Soon these inoveim-nls heeaim-aliei'inile. In Ibis 
case, the one im-nila-r of the pair la-ing sliiimlateil lo re-potwe, i-on-i- 
(pu'iitly snll'ers fatigue, and ihe other member, due griiiliiallv lo eoilr- 
dinaling motor pathways, takes up tin- moveineiils, vihieli in turn '.hifls 
lo the lii-st again, ele., until holh are aeeiminlalivi-l.v faligm-d, or Ihe 
slinuilus is ioo weak io elicit a response, or bolh. Then, willi develop¬ 
ment, each nii-mber of the moving pair Im-i-ouk-s less suseeplible lo fatigue, 
ami. in aeoordanee with tlie law of habit, tends to repeat its own move 
ment, resultmg in rliytlimieal, sneeessive movi-menis by the same limb. 
Later the coordination, in grealer perfwtion, ])rovi(les unified e.\|)rcssions 
by the pairs (d‘ tin- limbs. Finally, singh- moveineiils of eillier luemlK-r of 
the pair may he set nj) in rcspousc- lo a strong fi-eling, or llu- nnified 
movements may he more speedy and graceful, 'rheri-fon-, (he eharaeter 
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anil speed of motor LMnoiii)ii}il roaolioiia by the limbs, are <loli*nnino(l by 
Ibo (l('i(]:roe of coiiriliiialiou of llio mombers of tlio moving pairs. 

Moior-cmiotional oxprossioius are apparently the most prin\iii\e as WidI 
as ilu‘ nKKsi riuiilamental. 'riieso luovemonts seem io mmao as drill (‘\.- 
oredses to (lis(d|)lint‘ Iho limbs into dollniio forma of motor roaidioiis, out 
of wliii'li grow tli(‘ useful ami \olimtary aels of the imli\i(liiaL 

Asiili* from llu‘ mo\('inenbs of tlio first lew \\(M‘ks, oinolioiial (‘\{)r<‘s- 
sioiis l)\ tlio limbs lended fo oemir in siim‘ssi\(' xoMis, wmIIi tin* iiiimbe! 
of mo\(‘inents ])er ,si‘ri(\s vaiwing from I to Is and with a i‘«‘idral liMideney 
of from f) to T) pm* aeries. Between tli(‘ sc‘i*i(‘s lli(‘ intoMul of linn* was 
but a liille less lliaii the total time for the s(‘im(‘s. The laleof moNmiumt 
in(M*(*ased with the inen‘asc of motor eoonlination. 

These (rhylhniieal) movements began on the hd'l ^ide, tlieii w(‘H‘ trans¬ 
ferred to th(‘ right. Kor example, the hd't haml began a regular druni- 
iniiig mo\(‘meni on the iJiJlrd day; tli(‘ right hand Ix'gan the sami‘ typo 
of moveinenl on the 1 list day. Idn* l(*ft l(‘g, IdDth (la\ : rigid l(‘g, 1 hJrd 
da\. Ifmlied movements by lln* l(‘gs began on lhi‘ 1 ISili ila\, ami uen^ 
widl d(*\eloped by the I89th da\. l^niliiMl mosimieiiis by (he arms began 
tlie 177111 day and were W(dl deNidoped b\ lhi‘ VM7'ih day. 

However, the iransitioii from om* of mo\«mient to anollnM' was 
gradual; and, while new nio\emenls for iunotional I'vjiression became 
more mimeions as lime Wimt on, the old nmvimnMils were oci-asionally 
revived and seem never to have wholly ilied out. 

Pleasure tends to induce ami net*eleraie aefnitN ami ilisph'asuro lo 
inhihii and retard activity. 

Pleasnralile motor (‘\pn‘'-''ion'> lemliMl to n'litdi Iheir ma\iimim and 
to eeasig at an appreciable interval hefor<» the ri‘al pleasurable experitmee 
whiidi was in untiidpation, i. c., anti(dpatii)n at its idimav seemi'd to give 
gr<‘at(‘r iihMisure tlnui tlu* r<'al expm'ieiu*e of the thing antieipated. 

Hnirnsl haml iiioviumMits, which, by ilu* last [‘(‘w months of the year 
Umded lo be ioward eacli ollnux c(^as<Ml at Ihe end of lli<‘ series, with tln^ 
hands <'omiiig together, palm lo palm. As lln* sp<‘(‘d uiid fore(‘ of iln*se 
movements of pleasure im*n‘ase(l, Ihey finally cann* logelher w'ilh a <dap, 
and ifradually, instead of ilu* inlrodindory iinifi(‘d rnovemenis Ihen* dt*- 
veloped tin* regular (*]a})]>ing of the hands as ex])ression of a high d(*gree 
of plnasure. Tlu*r(‘foro, one of the mosi primitive ('xpressions of pleas¬ 
ure is a])plnuse. 

T>r. Hollingworth <‘alli‘(I ailc'iilion lo various <*as(*s in tin* litendure 
of psycliology, socdology and antliropologv ((darke, ^rit('heiier, Brontano, 
RtonO, in whieli the (*\islem‘e of morphological intermediaries between 
two iy])es or processes is taken to indicate* iheir ieleniity of quality or 
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their genetic relationship. Other cases were cited in which the validity 
of this argument has been questioned (Miller, Bergson, McDougall, 
Bateson). The type of argument in question was sliown to have resulted 
in \arious biological and philosophical enormities, and specific cases were 
presented illustrating the ease with which the error may be eommitted. 
'Phe argument was shown to be but a particular case of the logical fallacy 
of ^^affirming the cousequent" and to be meaningless unless supported by 
aecossoiy evidence. It was urged that the inadequacy of the logic of in- 
tennediaries should ho more fully realized in psychological investigation. 

Mr. Paynter: An experiment was conducted to determine the amount 
of (*(>nfusion bedwoKin trade-names and their imitations, and to compare 
the results with th(i legal decisions. The decisions of the legally allowable 
amount of similarity, confusion, or deception between trade-names and 
their imitations were rendered by judges of State and Federal Courts, 
and by various CJommissiouers of Patents. Legally, a ^^probability of 
deception^’ between the original and imitating trade-names constitutes 
an infringement. But the phrase ^^probability of deception^^ has a varia¬ 
ble meajiing and has not been objectively measured. Experiment, on the 
other hand, can state the amount of confusion arising between two trade- 
names by the per cent, of individuals actually deceived by the imitation. 
Furthermore, experiment can state the reliability of court decisions by 
calculating to what extent the scores of the infringing imitations are 
psychologically more confusing than the non-infringing. 

Recognition was the method used. Thirty-nine cases were studied, 
24 of which were infringements and 16 non-infringements. The aver¬ 
ages, medians, modes and great per cent, of overlapping showed that ihe 
difference between the infringements and the non-infringonients (as 
judged by the courts and Commissioners) was so small in comparison 
with the differences within them as to make the decisions V(My uin*eIiablo, 
In only 6 cases out of 9 which the experiment most easy to judge wore 
the decisions really correct. The results of two groups of subjtHjls, an 
uninformed group and an informed, both confirmed the alx)Vo conednsion. 
The application of the recognition method will <*onstituto an onorinous 
saving in time, energy and money over the present legal proce<liin‘ of ihe 
c'onrts and Patent Office. The Trade-Mark Act of 1905 and ilu* inter¬ 
pretation by the Supreme Court of the United States define an infringe¬ 
ment as a ^^colorable imitation^^ or such as is "calculated to mislead/' 
These indefinite and variable meanings of infringement should be re¬ 
placed by a quantitative statement of the per cent, of individuals which 
must be deceived. 

T)r. Bean demonstrated two pieces of a]>paratus. The one is a balance, 
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ihai may 1 k‘ \{iri<‘(l in sinj'lo luilligrams, to liud tlin^sliolds of touch. 
Tli(‘ halaiici' beam ia a ,uf]assiiibc with llic .Mcnlc in inilliniotcrH and cenii- 
inob‘i*s (‘i('1u‘d upon i{. This beam i»s lamt downward a1 one extremity 
wl)(M*(* a libre ('()ida('l siirfa(T is ailaehed. The woi^dit is xaried by sliifl- 
in^ a slrai^bl \Niiv insid(‘ tbe tube. Ihvo inot(‘rs of iliis wive wouhi 
W(‘i^li oiH‘ ij^rain. I'lnn'eTons when a ('Ointnnenl length of it is moved 
t(nvard llie ('<)nia(‘l (Mid of ibe beam (me millinuder, it adds one itiilli^raiu 
to ili(‘ prixssun' upon ilu* skin, b(»eanse the millimiMer added to the one 
end is snWraeied from Ibe opposii(* end. This is a weleoine substitute 
for Willyoung’s troubic^sonie pitb bail a))])aralus. It is more rapidly and 
easily operai(‘d and tliiis a\oids fatiirue in both pcM’sons. The wei^lil (Wi 
be lower(‘d upon the skin at ib(‘ same rate in smressivc^ trials, ^^liero 
are no tiny weights to roll and prodm^* tickle sensations that are (*jisily 
eonfus(‘d with (*onla(d svMisalions. The results are for this reason l(‘ss 
\ariable, and Ihe thresholds are found to be sominvhat lower than (‘an b(‘ 
d<‘t(M‘min(‘d with Willyonn^^’s |)iib \\<‘i/;]fhts. 

^rh(‘ ollu‘r aiiparaiiis is an animal maze (‘onirivtal for ihe ])nrpos(‘ of 
Ien^j:(li(Miin<jj the proivss of l(‘a!*ninjj: that it may b(‘ sliidi<‘d to bethn* ad- 
vanta^'e, Tb<‘ <Mirv<* of l(‘arnin^]f <leri\<*d from e\()(M*iin(Mits with lh(‘ old 
form of maze that (‘onsisls of a fi‘w lon^^ alh‘}s, drops wiili an iinm(‘(lia(W 
that shows Ihai the animal learned Ibe triek in his firsl (rial, and that 
later progress is of an alto^^ether dilTenml sort. ^'In* maze d(‘monsirat<‘d 
contains no alleys, but consists of Irianjj^nlar rooms with (‘<iinil sides, 
l^lio rooms are tiuunselves ecpial in size and jii\laposi‘d Iil<(‘ tin* (‘(dls of a 
honey (‘Oinb. When tli(‘ animal <*niers a room lliron^^b a door in Ibe 
rniddh‘ of om* side, it se(‘s a door in (*a('li (»f llu* oIIum* walls. One of 
tliose doors opens into a room \villi no other door, wIkmmmis tli(‘ other leads 
to food and fri(Mids. The eur\e found is lik(‘ that for most of (be e\'- 
fKMM'nuMiis in wlii<'h (he material must be* l(*arn(‘d ji^radnally. 

Tl)t‘ S(‘(dion Hum adjourned. 

IfoiiMirr II. Ijowik, 

Hvcn*l<(rff, 


lUb^lNUSS MHKTINO 


The A<*a(l(Mny ni(‘t at S:I5 n. m. at tlie Ameri(*an IVliiscmm of Natural 
TIisiorv, Pivsidcud fh'or^^ K. Kunz pri^sidin^r. 

Th(‘ minutes of fh(‘ last husiimss m<M*tin^^ w(‘re hmuI and ap})ro\(Ml. 

The following (‘an(lidat(*s for nmmbersliip in the Acad(»my, rtn-om- 
nuuKh'd hv romuMl, W(‘n‘ duly (‘l(*(*fe(I: 
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Li’dyani Avc'ry, IH Si. Mk-IjoW JMik'c, (*itv. 

Oharlos Baird, l:>() Ha-st Ollli StiwI, Cily. 

Hugh Potter Baker, N. Y. State College of Porcstry, Sjra<!nbo, N. Y. 
(Hto F. Behroiid, aiO West 8tli Stroel, Krie, Pa. 

William TI. Bliss, 6 East 65th Htrcet, Cily. 

William F. Bellcr, .51 Bast 133rd Street, ('it\. 

Henry Bird, Rye, New York. 

Praucis P. Dodge, Plaza Hotel, City. 

G. Clyde Fisher, American Museum of Natural History, City. 
George H. ITazon, 381 Fourth Avenue, City. 

Samuel Heller, 68 Nassau Street, City. 

Alfred Harris, Babylon, New York. 

Paul Griswold Howes, Maplewood Biological Laboratory, Stamford, 
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Alice J. Johnson, Trinity College, Washington, D. C. 

Jolm Deverouz Keman, M. D., College of Physicians and Surgeons, 
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Edward Lindsey, Warren, Pa. 

Mrs. Morris Loeb, 373 Madison iVveuue, City. 

Marion McMillin, 40 Wall Street, City. 
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Clyde Milne, 339 West 78tli Street, City. 
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R. 0. Rathbomo, 14 Congress Ktroi't, Newark, N. .1. 

0. P. Sehlicke, 440 Washington Street, City. 

Marie F. C. Stockmann, 61 West I37th Street, City. 

Carl Stoeokol, Norfolk, Conn. 

I. Frank Stone, 100 William Street, City. 

Frederick Tilney, College of Physicians and Surgeons, City. 

C. H. T. Townsend, 0. S. National Museum, Washingtou, D. C. 
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J. P. Wintringham, 153 Henry Street, Brooklyn, N. Y. 

.IfTS. H. W. Warner, 63 E. 67 th Street, City. 
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Harold H. Plough, Columbia TJiuvcrtiity, City. 

Tlu' Booording acoroiary reportod the I'ollowiiig deatlus; 

Augxisfc Weissraaii, llonorarv Monibor since 1909, died (i November, 
1911. 

Oliarlc'i Sedgwick Miiiot, Conespoiidnig Momlier binec 1878, died 
19 November, 1911. 

Theo. N. Gill, Corrchponding Member wnec 1858, died 35 Septem¬ 
ber, 1911. 

J. Seldoii H|)oncer, ('orreh|ioii<liug Member >,in(e 1890, died 3 De¬ 
cember. 1911. 

The Academy then a<l.joiiined. 

Miimitnd O'lrb [lovKv, 

Itcrordinji Hecrelani. 


SECTION Ob’ GEOIdXiY AND MINMIULOGY 
7 i)l'( HMltl'R, 1911 

Seetiou was called to order by Vici'-President 0. P. Berkey, about 85 
memb(>rs and guests being present. 

An application Cor a gnuit oC one liuiulred dollars I'rom the John 
Strong Newberry Fund, by Dr. Charles J{. Kasiman, a member and Fel¬ 
low of the Academy, to continue Ins sindies on the Palcowic fishes of 
North \meriea, was communicated to llie Section. It was accompanied 
by a communication by T)r. Hasliford l)(‘an, and on<> by Dr. William K. 
Gregor,\, bearing tt'stiinonv to Ihe \nlue of Dr. Eastman’s researclies. 

On motion of Dr. flovcy, the Section apjiroved llie grant. 

The Si'ciion also voted to approve* tlie application of Dr, Berkey for 
an assistant in examining ihe material secured in I’orto llieo. 

Dr. Ilovoy announced the nomination liy tin* Council of Dr. Borkoy as 
Vicc-I'resident of the Academy am! Cliairnmn of the Section for the 
ousuing year. The action of the Coniieil was ap|)ro\(>(l. 

Dr. A. B. Pacini was elected Secretary of the Soction for the year 1915, 
The following scientific programme was then oiEcred: 

Henryk Arctowski, Voloavio Dust Vkh-s anx» Cnni-mn Vaiii vtions. 
G. C.Mook, A STAmsTiOAi, Stitdy os Vaiuatiok in Spinfer 

muoronatwi. 
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(M’ PaPKKS 

Dr. Arctowski {\w r(‘snii of his in\(‘siinjiti{nis on tlu‘ inlliion(‘<* 
llial. ilu‘ vinhnii (‘riiplions of IIh‘ \(‘ar.s 1S«S,‘>, ninl HD'2 Inivn had 

ii|)on nim()»s|)h(‘ri(' hnnporainro. 

11. was found ihai llu* pl(donian \ariations of h‘mp(‘ralun‘ <'hnn>,n‘s have 
nolhini^; in (‘onnnon with ih<‘ pr(*s(‘iu*o or absoiuu* of voh'anic (last vcdls; 
that tlio dust \t*ils pnxluood hy tho Krakaioa c‘ruption allVdod atinovS- 
j)horio i(Mupt'raiiir<‘ vorv ^roaiiy and that the violent ^()le!mie tM'uplions 
of n)()‘2 as w(dl as ih(‘ Kaiinai eruption of 101“;^ iidlueiiecd the u'arly 
mean teinperatun's hut very slightly or not at all. 

This paper was diseiissed hv Drofessor Kemp and others. 

Mr. Mook said: A siud\ was made upon fi\(‘ mutalioiis of S/tin’frr 
from tli(‘ Ilamilton'heds of Miehij^an and Ontario. Many 
speeimeiis measured, and shell indiees wore eoinpiiied by dividinj^ 
the wn'dlh of ih(‘ slioll hy its loui^ih. (Hirves were plotted of the pcn*- 
ecn(a|:!;e of the total nund)er of individuals measured of eaeh mutation, 
wdth indiees between (‘ertain arbitrary limits, both for adult and neanie 
stages, (k)mparison W'us made between the curves of the adult and neanie 
stagevs of eaeh mutation, and of the <airves of tlu» adults of tin* \arious 
mutations witli each other. 

The teudeucy in evolution has l«M*n to rodii('(‘ the siiell index, rednee 
the number of plications, lose the groove on th(‘ fold and the plu'ation 
in the sinus, strengthen the grow^th lines, d(‘ej)en the sinus, and to a 
(wtain extent to j*edue(‘ the actual width of tin* shell. 

The ]>apeiMvas discussed by Mr. K 1\. Morris and Pnd*. A. W. (Irahau. 

''Phe Section tlum adjourned. 

A. B, Pacmni, 

H(>rrrlfin/, 

SFAITIDN OP BIODOOV 
I I DKt’UMinat, Ibl I 

Section met at 8:ir) \\ m., I^rofessor Raymond Oshurn j)resi<ling. 
The minutes of tlie last meeting of tlie St'eiion were read and appnnuxl. 

The following ]m)granime was then olfered: 

Syaiuosium on Pohto Rkh) 

Charles P.Berkey, tiluonooucM. I^kconn ov INiirro 

Rkm), 

PinxntUHs OF tiik Rotsnk’Vk Inviostio \tion. 


N. L. Britton, 
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0 !' 


Marshall A. Howe, 
N. Wille, 

Roy W. Miner, 


PinCSKNT KnoWLKIKJK ok TUK \inN10 AlO-K. 
PuKsnNT K\(>\v!.r.n(ii: or ruu Fkksii-w vvvw, 
AhGAi, 

PiM’srNT Knowlkdiim ok Tin: ^^\l^!\l; In- 


VKUTKHU \TKS. 

Prank E. Lutz, PinsrNT Kno\\ liiihji; or tiii: Inska'in wd 

Sl*lI>KI{S. 

John Treadwell Nichols, 1 *im:siat K\ouri:ii(;K ok Trii: Fisuks \^’o 

OTIini VlCKTIOMIt \TKS. 


Si MM \in OK P\ 1 >I’US 

M’lu‘ of llu‘ A(‘ii(l(‘niyV Xaliinil llislorv Siirvov of Porto Pico 

siiinni«rizi‘(l in the paiuo’H as follows: 

Profi'Srior Berkey oiitliiaal liis ^(‘olo^iral i‘(aoniiai''saii('c of llio island, 
in wliirli lic‘ and Dr. Poiiiun* ha<l lrav(‘l(Mj oNin* w\()0(> luilon; lliov had 
siudical tli<‘ rot'ks at so inan\ j)0!nls iliat llu'y \MnM‘ ('iiablcd to constrnci 
a pridiininarN ^^(M)lo^:»it‘al map which was much moiv acciirah* than any 
liitiu'rto made: from llicir sIikIun lh(» hroadm* m^olouical liisioiw of tlu‘ 
island was rcv(‘ah‘il. 

Proh^sor Britton onllimMi the pro;^r(‘ss of ilu> hoianical in\cstii>ati<an 
material ('ollcchal hy llu‘ Academy workers had been dislrihutod to 
a luimlicr of sjuadalisls in ilinVumt jiarts of tin* couidry and from their 
labors the knowded^e of the flora w’^as rapidlN extemlim;. 

Dr. Howe by m<‘ans <d' Ihe stt‘r<*opli<*on (‘xhihiled a Modes of marine 
alpe i\‘ceiiily ('ollected hy himself. Especially intt'restin]^ wawe the reof- 
linildini^ corraline al^a^ie. 

Dr. Wille smnmari/<‘d tlu‘ pnsseni knowhaluM* of lin* fn'sli-w'aler alj^je, 
Mr. Miner <les(Mdh(Ml the results of his collcidin^ of marine iiuertidiratos; 
Dr. Lutz oidlineil (he finwnl knowdialge of thi* inscids and spiders, 
touched upon siweral int<*reslin^’ prohlems in distrihution and alluded 
to lh(‘ imp(»rlaiie(* (d* slndyinii; the West lndii‘s as a whoh‘; Mr. Nichols 
ilc'scrihed llu* fish fauna. 

1’he S(‘<'tio]i Ihen adjourned. WruMVM K. Dukooia, 

i^rrrelary, 

ANhfDAIi MUKTIND 

DKOKMOKn. 1911 

TJie Aeadotny met in Annual Meeting on Monday, 21 Deemnher, 1914, 
at the Jfotol Martini<|ue, at the close of the animal dinner, President 
(Jeorge F. Kunz pri'siding. 
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The niiniitcs of the last Aiuiual 15 Heeoinhor, lOi;), 

road and approved. 

'ReporiB \vere pioBoTiled Ihe (^)rrcRp()iuling Socieian, llic lh‘(onlmi> 
So(Totai\, the Lilirarian mid ihe Kdiior, all of \Nhieh, on inolion, \N(‘r(‘ 
ordered n‘eeive(l and jilaeed oji file. 'Phe^v iu*(‘ publibliod lierowitli. 

The Treasurer's report showed a net easli bn lance of I 01 on 
baud at ili(‘ <4ose of busmesa, 110 November, 1914. On motion, this le- 
port was received and rofemd to ihe JbMnance Commitiee Cor aiuhtino. 

The following candidates for Fellowship, recommended by the (Council, 
were duly eloeted: 

Professor (rcorgc 1. Finlay, Yew York University, 

Professor George 8, Tluntington, College of Pbj-sicians and Sur¬ 
geons, 

Professor James Howard McGregor, Columbia University, 

Mr. Alois von Isakovics, Synileur Scientific Laboratories, Moiiticello, 

Professor IT. von W. Schulte, College of Physicians and Surgeons, 

I)r. Flvira Wood, Mnsemn of Comparative Zoology. 

Hio Academy then proceeded to the election of officers for tlie }ear 
1915. The ballots prepared by tlie Conncil in accordance with tlu' B>- 
Laws were distributed. On motion, it was unanimously voted that ihe 
Peeording Secretary cast one affirmative ballot for the entire list nomi¬ 
nated by the Council. This was done and they were declared ('Ituded, 
more than the requisite number of members and Fellows entitled to vote 
being present. 

President, Guokge F, Kunz. 

Vice-Presidents, Cuaules P. Bekkey (Section of Geology and Min¬ 
eralogy), Raythond C. Osimim (Section of Biology), (hrMnnas 
Bahkruviule (Section of Astronomy, I’hysics mid Climnisiry), 
Clark Wirmler (Section of Anthropology and Psyeliolog\), 

Corresponding Secretary, UENaY E. CuAKFroN. 

Recorffing Secretary, Ebjuund Oous TIovwy. 

Treasurer, Emerson MoMinmN. 

Librarian, Ralph W. Tower. 

Editor, Edmond Otis Hovey. 

Councilors (to serve 3 years), Bashford Dean and C. Stuaj^t 
Gager. 

Finance Committee, Frederic S. Lee, John Tatlook and W. J. 
Matheson. 

At the close of the elections. Dr. Gteorge P, Kimz gave his address as 
retiring President, entitled 
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Ni:w Yotik Ac^idfivi^ or Sciences^ its P4st, its PiiERi:NT vnd 

ITS Fi^tore/^ 

afioT 'which Ihc Atadeni} aiul giie&is listened to an address hy Mr. 
Raymond L. Ditmars, rniaior ol Ih^plilcs al the TSew York Zoological 
Park, on Ihe 

“Book of Katuke,^’ 

illnsirated ^\Hll bom(‘ «il lus lai(*si moiion-]nctnrc reels sho'W'ing various 
phases of most interesting aniuial life. 

Tlie Acad(^]U’y then a<ljournecL Rdmond Otis Hovey, 

Recording Secretary, 

RBrOPT OF THE (^OPUESPOl^DJNG SECKBTAEY 

We have lost by deaih during the past year the following Honorary 
Members: 

Sir dolm Murray, elected U)12, died 16 March, 1914, 

ITciiirieli Roseiihiiseh, clcctcHl 188T, died 20 dannaiy, 1914, 

August Weissmaiin, elected 1909, died 6 November, 1914, 

and the Xollowing Uon*e&))Oiiding Members: 

Tlioodore Nhdiolas Gill, ehvted 1858, died 26 September, 1914, 

Seth E. Meek, elected 1888, died 7 July, 1914, 

Charles Sedgwick Minot, elected 1878, died 19 November, 1914, 

J. Solden S))e3K*cr, elcidcd 1890, died 8 T)cccmbcr, 1914, 

N. H, Winchell, elected 1898, died 1 May, 1911. 

T'wo Corresponding Members have l)een (*]ect(‘(l llonorars Members. 
There arc at present upon our roils Vi Flcnufrary Members and 116 
Corresponding Members, 

Hespccll'ullv subnuited, IlKNin E. (huMCToiJ, 

Ooirespoiuling Secretary, 

REPORT OP TITE RECORDTNO SECRETARY 

During the year 1914, the Academy held 9 business meetings and 27 
sectional meetings, at which 72 staled papers were presented as follows: 

Section oX Geology and Mineralogy, IS paper’s; Section of Biology. 
22 papers; Section oI Astronomy, Physics and Cliemistry, 7 papers; 
Section of Anthropology and Psychology, 26 papers. 

Pour of the sectional nnjeetings were of general character and of par- 



1 \ V i/»s' \/;ii wj/,7\ o/’> s'(7/;\<7;n 


Ut'ular iniomsl jind rollowod by a soi'ial hour, willi n^'roslinitMith, 
ill 0110 of tlio oxhibilion halls of iho Alusonni. 

^riio lirsi was ludd irndtu* ilu* ausjiioos nj* the S(‘<‘lioii of liiolo'^y on (lio 
oMMiiiif*: of \"i daiiuai*}, wIkmi a ‘'Coiift'nMU'o on Iho INlldowni Skull and 
Ilu* Oriiifin of Maid’ was parlii'ipaiod in In Ih’olVssor IltMiin hiirfudd 
Osborn, Dr. »l. Ij(‘on Williams, Prob'ssor I?. l>room and Dr. W. K. (iroi^- 
ory. Tho so(*ond was ludd on !(> Fobrimry, nndor Lho aiispiia^s of iho 
Sc‘<4iou of Asironoruy, Phisics and (Ihoniisiry, vrhon Drohssor II. T. 
Barnos, of MoCJill Univoi'siiy, looiurod upon ‘“''rho Dhysioal Klfcnds ?ro- 
iliK'od by Io(‘b('r^s in llio North Allanlic.” IMio ihird iiuiolinp^ was hold 
on tho ovoninp^ of "ill March, iindor tlio aiispioes of tho S(‘oiion of An- 
ihropolo^»y and Dsyoholo^y; Ih’ofossor Hiram Bingham, of Val(‘ Uni- 
^(M^sity, floli\or(*d a looluro on ‘"IJcooni Exploration in lho Dand of llu' 
Inoas.’’ Tho fourth, Indd on 2 No\onibor, W7is undor tho aus[)ioos of lho 
Soidion of (ioolo^^y niul AFinoralo^y, and Professor Po^inald 1!. Daly 
h‘oluro(l upon ^Mh’obloins of Voleanio Aution.^^ 

In addition to those gimoral meetings of tho Aoadonu, one jmblio loo- 
(lire was given to th(‘ luoiiiliors of the Acadouiv and lho AHiliatod Sooio- 
li(‘8 and their friends on 110 April by Dr. L. A. Hauer, Dirootor of tho 
D(‘partnieni of ''rorrostrial Magnetism at Washington. Th(‘ title was 
‘"Followdng the (k)mpass.^’ 

At tho provsont time the luembcrsliip of the Ac-adciny is 101, which 
inoludos 478* xVetivo Members (of wdiom 10 are Assoidah' Mmnlxu’s, Pil 
PollowSj 98 Life Members and 10 Patrons) and 19 Noii-r(‘sidt‘nl Mom- 
hors. There have been 11 deaths during the year, rosignalions ha\o 
become offeetivo and iliroe naiuf^s have been <Iroppod from ilu‘ roll. Ono 
memlier lias boon dis(M)nliiiuod lomporarily al Ium* own n‘(|U<‘^l. Pifly- 
four now members have boon oleoted during lho year, one of wdiom faih'il 
to qualify and five of whom oommutod their aniuml duos by a singh» jiay- 
ment of $100 oaeli. One imiron has boon (d(H*i(Ml. Two nanu»s ha\o boon 
trunshuTod (o tin* life moml)orslii|) list on ai'comd of l\Vf‘iil\ li\(' u^ar^' 
jaiyinoiit of annual duos. Four assooialo nuunhors have lakcm up aolivo 
meinborship. As tho inoinh(‘rshii> of tlu‘ A(*ad(‘my a year ago was ISI, 
there has been a md gain of lO during tlu‘ y(‘ar 191 I. Record is made 
with regret of tho loss by death of lhi‘ hdlowing aoti\o and assoidate 
niombers: 

Albert S. Biekmore, Active Member since 1873. 

Hamiiel IF. Bishoj), Active Member since 1907. 

TTonry W. Boettger, Active Member sin<*(' 1905. 


i^Includiuft as incinhers-oloct v'ho luive not yoi paid tliplr fir«l inimial dnw. 
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F. y. Ilalin, Assoc'iato iroinlxM' siiuv 101“;^. 

Karl iruilcM-, A<'1i\o TMoinbor RirK'O 1010. 

Dwi^lit A. J(»iiOvS, A(‘ii\o Mombor since 1005. 
il. L}inf,^ol<)ili, A('li\o McmiiIkm* wiiu'c 1005. 

Mrs, (Minrles ''ryler OhnstoO, Ac*li\o MenilxM* since 100 7. 

Cliai’IoK J. Porrv, Aciivo Momber since 1005. 

David D. IVlli; 4 »’e\v, Adiv(‘ Moniber since ISOfi. 

(jeor^^o Taylor, A(dive ‘Member since 1907. 

I\Ospecirully subinided, 

EoNrcrxi) Otis TIovby, 

Rorordiurj Serrelanj, 


DKPOirr OF TIIK LllUJAIMAN 


l)iirin<^ llie (-iirrent \oar Ihe Dibniry ot* ihe Now A^’ork Academy of 
►Scimices lias n*(‘(‘iv(Hi by evchantce and donaiion hvo Inimlred ei<>:lit vol- 
innes and ont' ilionsand live bnndrcd iwonty-tvvo numbers. Tin* Kaiur- 
bisiorisches \'(‘r(*in in Aui^sburjj; has verv uracioiisly su|)|di(‘(l the Acad¬ 
emy Ijibrary vvilli volumes III (1850), V-XTTl (185''2~18()0), wbiob 
wer(‘ lacking in Ihe Hies and for wbi(*b special acknowhal^menls are 
b(‘rc\vitb oxtond(»(L 

Thronp^li the syslcm of inter-library loans the scionlilii* Imoks have 
boon mado nioiv ac<'ORsihle lo stuclenls and inv(Asii.i(ators, and it is theu’e- 
fore a ideasnre to report Hint ibe use oP tbo library luis miub imu'eased. 

Tieapecl fully submitted. 


T?.VTiPfi W. Towmu, 

LihrarhrL 


l?EDOirr OF TIIF EDITOR 


'The ])arls of tlu' Annals which ha\(* bi‘en publislual this y(*ar are the 


followin;!:: 


VohVMK XXHI 


PUftCS 

A. (1 Hawkins- Ijockatoiij? KoriuaUoa of the Triassic of N(‘W 

ami reimsylvanla.145-170 

Marjorie <)’<^)nnel! Kevision of (he Oenns Zaphreutis.177 192 

Charles R. Fe1tk<'-"-Th(‘ Manhattan Schist of Southeastern New York 

Stat<‘ ami Its XssoelateO Ipieons Uocks.1015-200 

E. O. nov<»y—R(*cor(ls of M<*etin#?s of the Aejuiomy.201-^110 

Charter and Ort?aiili»JitUm of the Academy.317-J522 

Constitution and By-laws.32.‘5-:530 

Membership of th<‘ Aendeniy.331-v342 

Index.*.343-353 











{()] A\y MJW YojfK or tinr\ch:t^ 

Von Mh XX JV 


pjlviru W(k»A T1u‘ Vso of Olnoul Arms in Studios of rhylof?ony.,.. 1 17 

C. <\ Mook- Nolos on ("immrfisjninis . 10 22 

Aloxis A. ♦fiilion 'Pho Oom^sis of Antiu:orHo and Talo. 2:i ;iS 

Arotttwski A Study of tho <Miiint?os in the Distrllmtion of 
ToitiptTatnro In Wuropo and Nortti Amorlca dnr- 

inic the Yoars 1000-1000. 00 112 

Itaj moral Ikirtlott Karlo- Tlu^ Oonosis ot Certain Vnloozoic Intorbod- 

dod Iron Ore Deposits. 115 170 


There is likewise in press a pap(‘r l)v W. 1). Maltlicw onlitlod ^^Oliniate 
and E\()lution’^ and one 1)V TT. von W. Sehnltc and Froderi(*k Tilney en¬ 
titled ^M^evolopment of the "NriHiraxis in Iho Domestic Oat to the Stai^e of 
Twenty-one Somii(‘s/’ The first ]>ortion of Miss Laura E. \V. B<Miodiet's 
paper on 'T?ap:obo (*or(‘moniaL Magic and ilyih’^ is in press. This is to 
form the first paper of Volume XXV of the Annals which is to ho de¬ 
voted exclnsivoly to anthropological papers. The Puhlieation Oommitteo 
has accepted a paper by W, K, Gregory entitled ^Tresent Status of the 
Trohlem of the Origin of the Tetrapoda/’ for pnidieation in Volume 
XXVT of the Annals. 

■Respectfully submitted, Edmoni) Otis “FfovKY, 

Wdiior, 


REPORT OF niE TREASURER 

MKMBERSHTP 

Paid up, Active Members (2 of tbese were ele<*ted after 1 May and imld 


$6 for 1914). 272 

Paid up, Associate Members. 17 

Dolinquent Active and Associate Members. 51 

Life members and Patrons. 104 


444* 


RKCRIPTH 

Drc^kmubk 1, 1912---N()VKMitBK 20, 1914 


Cash on band, December 1, 1912. $2.821.67 

life membership fee. 100.00 

Income from investments; 

Interest on mortgages on New York Citj^ real estate., $771.26 

Interest on railroad and other bonds... 1,225.00 

- 2,096.26 


1 Including four Ceceaised members whose dues have been paid to the end of the year. 














or i/AJ/.T/NW 


lo:) 


Interest on Imnk balaneos. 40.55 

Activ(‘ moni})ershi]> Ones, 1!)1L>. 30.00 

“ “ 1013. 115.00 

“ “ “ 101 [ . 2,710.00 

- 2,855.00 

A.s‘^o(*iat(‘ UH‘in]>orsliip (Ole's. 1012. B.OO 

“ 1013. 3.00 

“ 1011. 51.00 

- 57.00 

Sales of imblicatious. 195.85 

Contribution lo cost of publieation. 250.00 

Snl>scri])lions lo aimiial (lUm<‘r (1913). 188.00 

EsIImu* Ilerrmnn llosearoh Fund (r<‘iurn of i^vantl. 150.00 

Part payment on Deane-Tlrennaii inortj^aice. 1,163.33 

Sale of Ijtnvyers’ Morta:atre Company’s bond... 1,000.00 

Pori 0 Rico Survey (subscM-iplion). 1,000.00 

Porto Rico <lovernment (i‘(‘fnu<l of ad\auccs made on aooount of 

Held expelis(*H)... 1,990.82 

Cash oil Hole in bank. 3,000.00 

Loan from Ainerl(*an Mnsinnn of Natural History. 250.00 

Total.$17,158.48 


DISniJiiSIOMNNTS 
DkcKMBKR 1, 1913-410 NOVKWllKK, 1914 


Publications on account of Annuls... $2,105.96 

Publication oi BuUctin . 007.86 

Recording Secretary’s expenses. 417.82 

Recording Secretary’s and Kdilor’s allowaueos..... 1,500.00 

Lecture Committee. 98.40 

General expenses *..... 119.60 

Esther Ilcrrmau Researcli Fund (grants). 990.00 

John Strong Newberry Fund (grants). 75.00 

Anuual mooting and dinner (1913)...,. 220.30 

Aimual dues, 1913 (refund). 10.00 

General meetings. 801.20 

Headquarters Committw... 324.49 

I*urcliase of mortgage from Lawyers' Mortgage' Company. 2,000.00 

Porto Rico Suiwey (advances for Held expenses)... 3,000,00 

Section of Geology and Mineralogy. 20.43 

Section of Biology. il9.28 

Special Membership CommitU h'. 100.00 

American Museum of Natural History (repaynumt of loan)... 250.00 

Payment of note In bank..... 3,000,00 

Interest on note in bank. 47,17 

Cash on hand. 1,274,97 


Total 


$17,168.48 
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i\\i/;AS' \/;u >o/*7\ <n' s(i!:\t^ns 


r>\L\N(i SinM\ .‘in Nom Milln, ini 1 


InvoNfmonts {cost) . 

(Vsh (»u liiiiKl. 


$ ia.‘M52.!KJ 

PeniiaiuMit Pund. 

r.T 

1,271 07 

Publi<*ation Pnial . 

(M) 


Ainlubon Kund. 

bjsthcr Ilernuan KcMsari'li 

2.r><M) (M) 


b'nial . 

John Strong N(*\\b<*rr.\ 

(K> 


Fund. 



Income Permanent Fund.. 

i.soo.oa 


Income Audubon Fund.... 
In<*ome Esther llerrman 

oOl.SJi 


Fund. 

l.;i00.27 


Income NevvlMM*r,\ Fund... 

277.10 

$(;!,(K5T..sa 


$4:u‘>:i7.so 


VliOVVAiTY 

Lampo Mortaruj^o.at r> pia'ciMit 

IX'ano-Broiman MoKiAuai'.at pormit 

4 Detroit City <»as ('()iui«m,\’s lamds.atr> iK‘rc<Mit 

;i Grand Ilapidn (raw I^lKUt ('oiapany’a Ijonds.at r> iioiMvat 

10 MadlHon Gm aud Electric Gi>iui)ajiy*.s honcls... .at 0 laa* (Viii 
1 Bi«t,diamton (}as and Elcctri<* (''omi)aii>\s .atpertviit 
J Quol>oc-Jacqu(^s Cartier EIe(*trI<‘ Comiiaiiy’s ixaid.at.l percent 
1 San Antonio Gaw and Electdc (^omr)iiiiy\s hoinl. .at 5 p(T(*ent 

1 San Antonio Traction Oompaiij's bond.ate pernMit 

{> U. S. Steel (\>riM)ratl<)n bonds.al .■> per<*eiit 

Partbapation bond ot Ijnsvyers’ Mortaas;e (\>.at .*» percint. 


OOMf 

. 4,0(Hi.()0 

. 2,010.00 
. 10,400.00 
t)05.00 
OOo.OO 
1S7.50 

isT.r>o 

. 5,OS 1.2.1 
. 1,000 00 


;io .lANUAUY, liiir), 

Kxajnin(‘d aud round to be (Mn-ns-t, 

Frkokuu’ S. Lice, 

John Tati.o<k, 

A nd/Nnif (Unn m ftfiv. 


.$I2,:UJ2.02 

\h Doiimit^, 

I'l rtt.sun r. 


Ucduced from $5,200 l>.v part payraeut of $1,10U,ai 


















TUE OKGANJZATION OF THE NEW YOEK ACADEMY OF 

SCIENCES 

THE ORIGINAL CHARTER 

AN A(T TO INCOItPOHATIi THE 

I.YOEtTJM OF NATritAI. lllSTOIiY TN TIIF CITY OP NEW YORK 


Passed April 20, 1818 


WiiKUBAS. 'Pho ineuibcrs of tlu* L^eeum oi‘ Natui*al History have peti¬ 
tioned Jor an ac't of incorporation, and the Logislaturo, impressed with the 
importance of the ^hidy of Natural History, as connected with the wants, 
the comforts and the liappiness of inaukiiul, and conceiving it their duty 
to encourage all ]auda])le attempts to promote the progress of science in 
this State—tlierefore, 

1. Be if emu led bij (he People of the Blate of New Vork represented in 
Senate and Assembly, 4^hnl Sainu(*l L. Alitehill, (Jasper W. Eddy, Fred¬ 
erick (\ ScliaelTer, Nathaniel Paulding, William (’ooper, Benjamin P* 
Kissam, John Torrey, William Cumberland, D’Jureo V, Knovels, James 
Clements and James Pierce, and such other persons as now are, and may 
from time to time b(‘como members, shall bo, and hereby are constituted a 
body eor})ornto and politic, by the name of Lyceum oe Natukal Histohy 
IN THE City ok Niav Yokk, and that by tliat name they shall have per¬ 
petual succession, and sliall be persons ca])able of suing and being sued, 
pleaded and being impleaded, aiisw<M’ing and being answered unto, de¬ 
fending and ])eing defended, in all courts and jJaces whatsoever; and may 
have a common seal, with power to alter llic same from time lo time; and 
shall I)e capable of juirc'liasing, taking, holding, nml (Mijoying to them and 
their su<*eessors, any real (‘state in fet* simi)l(‘ or otherwise, and any goods, 
(diatlels, and personal (‘.stale, and of selling, h^ising, or otlnwiso dispos¬ 
ing of said real or persona! estatcN or any part tlu'n^of, at Uudr will and 
])leasure: Prorhled always, that the clear annual value or ineonui of such 
real or pensonal (‘slate shall not exe(‘<‘<1 the sum of five tlmusund dollars: 
Provided, howevcT, that the funds of the said Corporation shall be us(‘d 
and a])propriaied to the promotion of the obj(H*ts stated in the preamble 
to this act, and those only. 

And be it further enoided. That the said Society slmll from lime to 
time, forever liercafter, have power to make, (‘onatitnlo, ordain, and estab¬ 
lish sneh by-laws and regulaiions as tlu\y sliall judg(‘ proper, for the elec- 

(407) 
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tion ol their oOicers; for prescribiag their respoetivo liinttions, and the 
mode of discharging the same; for the admission of itietnhers; for the 
government of tlie ollicers and niemliors thoreor; for collecting annual 
contributions from the luenibers towards the funds thereof; for regulat¬ 
ing the times and places of meetuig of the saiil Society; for suspending 
or expelling such members as shall neglect or rofikse to comply with the 
by-laws or regulations, and for the managing or directing the a Hairs ami 
concerns of the said Society: Provided such by-laws and regulations be 
not repugnant to the Constitution and laws of this State or of the United 
States. 

3. And be it further enacted. That the officers of the said Society shall 
consist of a President and two Vice-Presidents, a Corresponding Secre- 
taiy, a Eeeording Secretary, a Treasurer, and five Curators, and such 
other officers as the Society may judge necessary; who shall be annually 
chosen, and who shall continue in office for one year, or until others be 
elected in their stead; that if the annual election shall not be hold at any 
of the days for that purpose appointed, it shall be lawful to make such 
election at any other day; and that five members of the said Society, 
assembling at the place and time designated tor that purpose by any by¬ 
law or regulation of the Society, shall constitute a legal meeting thereof. 

4. And be it further enacted. That Samuel L. IVIitchill sliall be the 
President; Casper W. Eddy the First Vice-President; Frederick C. 
Schaeffer the Second Vice-President; N'athanicl Paulding, Correspond¬ 
ing Secretary; William Cooper, Recording Sccroiary; Benjamin P. Kis- 
sam, Treasurer, and John Torrey, William Cumberland, DMur(*o V. 
Kno\els, James Clements, and James Pierce, Curatoi*s; severally to bo 
the first olficors of the said Corporaiion, who shall hold ihoir respective 
f»ffices until the twenty-third day of February uckI, and uidil olliors shall 
be chosen in their places. 

6. And be it further enacted. That ihe ])ivs<»nt Constitulion of (ho said 
Association shall, after passing of this Act, continue to be the Const it u-^ 
tion thereof; and that no alteration shall bo made Uiercin, unless by a 
vote to that effect of threo-fourths of the I'osideni moinboi's, and upon the 
request in writing of one-third of such resident members, au<l submitted 
at least one month before any vole shall bo taken thereupon. 

State of New Yorlc, Secretary's Office, 

I OEEXIPY the preceding to be a true copy of an original Act of the 
fjegislature of this State, on file in this Office. 

Aeoh'd Oakpbbul, 

Dep* Se<fy, 


Amaky, April 29, 181B. 
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ORDER OF COURT 

OKDEK OF THIi! SOPUEME COURT OF TIIE STATE OP NEW YORK 
TO onuvNon the name of 

THE LYCHUM OP NATURAL HISTORY IN THE CITY OF 

NEW YORN 


TO 

TUB NEW YORK ACADEMY OF SCIENCES 

WiXEEBAS, in pursuance oi’ the vote and proceedings of this Corpora¬ 
tion to change the corporate name tliercoE from “The Lyceum of Natural 
History in the City of New York” to “The New York Academy of Sci¬ 
ences,'’ which vote and proceedings appear to record, an application has 
been made in behalf of said Corporation to tlio Supreme Court of the 
State of New York to legalize and anthorizo such change, according to 
the statute in such case provided, by Cliiltenden & Hubbard, acting as 
the attorneys of the Corporation, and the said Supreme Court, on the 5th 
day of January, 1876, made the following order upon such application in 
the promises, viz: 

At a special term of the Supreme 
Court of the State of New York, 
held at the Chambers thereof, in 
the County Court House, in the 
City of New York, the 5th day 
of January, 1876: 

Present— Hon. Geo. 0. BARRKrr, Jiislire. 

In the matter of the application of 
the Lyceum of Natural History 
in the City of Now York to au¬ 
thorize it to aasumo the cor})oralc 
name of the New York Academy 
of Sciences. 

On reading and filing the petition of the Lyceum of Natural History 
in the City of New York, duly verified by John S. Newberry, the Presi¬ 
dent and chief ofiicer of said Corporation, to authorize it to assume the 
corporate name of the New York Academy of Sciences, duly setting forth 
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ihe groundis oi said applicatioM, and on loading and Jiling the anid<nit of 
Qoo. W. Quaekcnbiihh, showing that notice of such applieation liad been 
duly ])uhlished for six weeks in the State paper, to wit. The Albany 
Eoening Journal, and the aOidavit of David S. Owc'ii, showing that notice 
of such applieation has also been duly published in the proper newspaper 
of the County of New York, in which county said Corporation had its 
business office, to wit, in The Daily ReyMer, by which it appears to iny 
satisfaction that such notice lias been so published, and on reading and 
Jiling the affidavits of Jlobort II. Browne and J. S. Newberry, thereunto 
annexed, by whieli it appears to niy satisfaction that the application is 
made in pursuanee of a resolution of the managers of said Corporation to 
that cud named, and there ajipcaring to me to be no reasonable objection 
to said Corporation so changing its name as prayed in said petition: Now 
on motion of Grose enor S. Hubbard, of Counsel for Petitioner, it is 

Ordered, That the Lyceum of Natural History in the City of New 
York be and is hereby authorized to assume the corporate name of 'Phe 
New York Academy of Sciences. 

Indorsed: Piled January 5, 1876, 

A copy. Wm. W.vr^BTi, Clerl'. 

Resolution of Tub Aoademt, accepting the order of the Court, pa-r^rd 

February SI, 1876 

And whereas. The order hath been published as therein required, and 
all the proceedings necessaiy to carry out the same have boon had. There¬ 
fore: 

Resolved, That the foregoing order be and the same is hereby accepted 
and adopted by tliis Corporation, and that in conformity therewith the 
corporate name thereof, from and after the adoption of the vote and mso- 
lution heroin above referu'd to, be and the same is hemhv declared to bo 
THE NEW YOEK ACADEMY OP HCIENOEH. 

AMENDED OHAKTER 

Marou 19, 1903 

Chapter 181 op tub Laws op 1903 

An Act to amend chapter one hundred and ninety-seven of the laws of 
eighteen hundred and eighteen, entitled “An act to incorporate the Ly¬ 
ceum of Natural History in the City of New York,” a Corporation now 
known as The New York Academy of Sciences and to extend the jiowers 
of said Corporation. 
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(Became a law March 19, 1902, with the approval of the Governor. 
Passed, three-fifths being present.) 

The People of the State of New Yorle, represented in Senate and As¬ 
sembly, do cnat t as follows: 

Suction 1. The Corporation incorporated by chapter one hundred 
and ninety-seven of the laws of eighteen hundred and eighteen, entitled 
“An act to ineoi-poratc the Lyceum of Natural Histox-y in the City of 
New York,” and formerly knovra by that name, but now known as The 
New York Academy of Sciences through change of name pursuant to 
order made by the supreme court at the city and county of New York, on 
January fifth, eighteen hundred and seventy-six, is hereby authorized and 
empowered to raise money for, and to erect and maintain, a building in 
the city of Now Yoi-k for its use, and in which also at its option other 
scientific societies may be admitted and have their headquarters upon 
such terms as said Corporation may make witli them, portions of which 
building may be also rented out by said Corporation for any lawful uses 
for the purposes of obtaining income for the maintenance of such build¬ 
ing and for the promotion of the objects of the Corporation; to establisli, 
own, equip, and administer a public library, and a museum having es¬ 
pecial reference to scientific subjects; to publish communications, trans¬ 
actions, scientific works, and periodicals; to give scientific instruction by 
lectures or otherwise; to encourage the advancement of scientific research 
and discovery, by gifts of money, prizes, or other assistance thereto. The 
building, or rooms, of said Corporation in the City of New York used 
exclusively for library or scientific purposes shall bo subject to the pro¬ 
visions and be entitled to the benefits of subdivision seven of section four 
of chapter nine hundred and eight of the laws of eighteen himdred and 
ninety-six, as amended. 

Section T1. Tho said Ooiporation shall from time to time forever 
hereafter have power to make, constitule, ordain, and establish such by¬ 
laws and regulations as it shall judge proper for the election of its officers; 
for prescribing their respective functions, and the mode of discharging 
the same; for the admission of new members; for the government of offi¬ 
cers and members thereof; for collecting dues and contributions towards 
the funds thereof; for regulating the times and places of meeting of said 
Corporation; for suspending or expelling such members as shall neglect 
or refuse to comply with the by-laws or regulations, and for managing on 
directing the affairs or concerns of the said Corporation: and may from 
time to time alter or modify its constitution, by-laws, rules, and regula¬ 
tions. 
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Section Til. The officers of the said Corporation shall consist of a 
president and two or more vioc-prosidenls, n (mTospondinc; secretary, a 
recording secretary, a treasurer, and such other officers as the Corporation 
may judge necessary: who shall be chosen in the manner and for the 
terms prescribed by the constitution of the said Coijioiation. 

Section IV. Tlie present constiluliou of the said (Joqioration shall, 
after the passage of this act, continue to be the constitution thereof until 
amended as herein provided. Such constitution as may be adopted hy a 
vote of not less than three-quarters of such resident members and fellows 
of the said New York Academy of Sciences as shall be present at a meet¬ 
ing thereof, called by the Recording Secretary for that purpose, within 
ioitj days after the passage of this act, by written notice duly mailed, 
postage prepaid, and addressed to eacli fellow and resident member at 
least ten days before such meeting, at his last known place of residence, 
with street and number when known, which meeting shall be held within 
three months afioi' the passage of this act, shall be thereafter the consti- 
tution of the said New York Academy of Sciences, subject to alteration 
or amendment in the manner provided by such constitution. 

Section V. The said Corporation shall have power to consolidate, to 
unite, to co-operate, or to ally itself with any other society or association 
in the city of New York organized for tlie promotion of the knowledge or 
the study of any science, or of research therein, and for this purpose to 
receive, hold, and administer real and personal properly for the uses of 
such consolidation, union, co-operation, or alliance subject to such terms 
and regulations as may be agreed upon with such associations or societies. 

Section VI. This act shall take effect immediately. 

State oe New Yoek, 

Ofhob oe the Seoretaet op State, 

I have compared the preceding with the original law on file in this 
office, and do hereby certify that ttie same is a correct transcript there¬ 
from, and the whole of said original law. 

Given tinder my hand and the seal of office of the Secretary of State, 
at the city of Albany, this eighth day of April, in the year one thousand 
nine hundred and two. 

John T. McDonough, 

8$&retotry of State. 
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CONSTITUTION 

Adopted, Avrid 24, 1902, and Amdndbd at Subsequent Timis 

Articbb 1. The name oC this Corpora lion shall be The New York 
Academy of Sciences. Its object slull be the advancement and diffusion 
of scientific knowledge, and the center of its activities shall be in the City 
of New York. 

ARTiCLii! II. The Academy shall consist of five classes of members, 
namely: Active Members, Fellows, Associate Membci-s, Corresponding 
Members and Tlonorary Members. Active Members shall be the members 
of the Corporation who live in or near the City of New York, or who, 
having removed to a distance, dcsiie to letain their connection with the 
Academy. Fellows shall be chosen Irom the Active Members in virtue of 
their scientific attain nieiitb. Corresponding and TIonoiary Members shall 
be chosen from among persons who have attained distinction in some 
branch of science. The number of Corresponding Members shall not 
exceed two hundred, and the nunilicr of Honorary Members shall not 
exceed fifty. 

Artioib III. None but Fellows and Active Members who have paid 
their dues up to and including the last fiscal year shall be entitled to vote 
or to hold ofifice in the Academy. 

Article IV. The officers of the Academy shall be a President, as 
many Vice-Presidents as there are sections of the Academy, a Con-espond- 
ing Secretary, a Recording Secretary, a Treasurer, a Librarian, an Editor, 
six elected Councilors and one additional Councilor from each allied 
socioiy or association. The annual election shall be held on the third 
Monday in December, the officers then chosen to take office at the first 
meeting in January following. 

There shall also b(> elected at the same time a Finance Committee of 
throe. 

Article V. 'fhe officen named in Arlicle IV shall constitute a Coun¬ 
cil, which shall be the e-veculiTC body of the Academy with general control 
over its affairs, including the power to fill ad interim any vacancies that 
may occur in the offices. Past Presidents of the Academy shall be ex- 
offirio members of the Council. 

Article VI. Societies organked for the study of any branch of 
science may become allied with the Now York Academy of Sciences by 
consent of the Council. Members of allied societies nmy become Active 
Members of the Academy by paying the Academy’s annual fee, hut as 
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members ot an allied society they shall be Assordato iMtMubors with the 
rights and privileges of other Assoeiaie Members, except llie receipt of 
its publications. Eacli allied society sliall have the right to delegate one 
of its members, who is also an Active Member ot the A(*a(lemy, to the 
Council of the Academy, and such delegate shall ha\e all the rights anrl 
privileges of other Councilors. 

AnTiom VII. The President and Vice-Presidents shall not be eligible 
to more than one re-election until three years after retiring from office; 
the Secretaries and Treasurer shall be eligible to rc-cloction without 
limitation. The President, Vice-Presidents and Secretaries shall bo Pel- 
lows. The terms of office of elected Councilors shall be three years, and 
these officers shall be so grouped that two, at least one of whom shall be a 
Fellow, shall be elected and two retired each year. Councilors shall not 
be eligible to re-election until after the expiration of one year. 

Aktiolts VIII. The election of officers shall be by ballot, and the can¬ 
didates having the greatest number of votes shall be declared duly elected. 

Artiolis IX. Ten members, the majoiity of whom shall be Fellows, 
shall form a quorum at any meeting of the Academy at which business is 
transacted. 

Arttolis X. The Academy shall establish by-laws, and may amend 
them from time to time as therein provided. 

Article XI. This Constitution may be amended by a vote of not less 
than three-fourths of the Fellows and throe-fourths of the active iiicml)orR 
present and voting at a regular business meeting of the Academy, pro¬ 
vided that such amendment shall be publicly submitted in writing at the 
preceding business meeting, and provided also that (he Bccording Secre¬ 
tary shall send a notice of the proposed amendment at least ten days 
before the meeting, at which a vole shall bo taken, to each Fellow and 
Active Member entitled to vote. 

BY-LAWS 

As Adopted, October 6, 3902, and Amended at Subscquiiint Ttum 

Chaptbb I 
0FFI0HB8 

1. President It shall be the duty of the President to preside at the 
business and special meetings of the Academy; he shall exercise the cus¬ 
tomary duties of a presiding officer. 

8. yice-Preddenfs, In the absence of the President, the senior Vi<*e- 
President, in order of Fellowship, shall act as the presiding officer. 



3. Goirespondiny Mewelaiy. The Corresponding Secretary shall keep 
a eorrcetcd list of the Honorary and Corresponding Members, their titles 
and addrosHCS, and siiall conduct all correspondence with them. lie shall 
make a report at the Annual Meeting. 

'1. lietording Batrolauj. The Hccording Secretary shall keeji the 
minutes of the Academy proceedings; lie shall have charge of all docu¬ 
ments belonging to tlie Academy, and of its corporate seal, which he shall 
affix and attest as directed by the Council; he shall keep a corrected list 
of the Active Members and Follows, and shall send them announcements 
of the Meetings of the Academy; he shall notify all Members and Fellows 
of their election, and committees of their appointment; he shall give 
notice to the Treasurer and to the Council of matters requiring their 
action, and shall bring before the Academy business presented by the 
Council. Tie shall make a report at the Annual Meeting. 

5. Treasurer. The 'I’reaaurer shall have charge, under the direction 
of the Council, of all moneys belonging to the Academy, and of their 
investment, lie slial! receive all fees, dues and contributions to the 
Acadeiii}', and any income that may accrue from properly or investment; 
he shall report to the Council at its Iasi meeting before the Annual Meet¬ 
ing the names of members in arrears; he shall keei) the property of the 
Academy insured, and shall pay all debts against the Academy the dis¬ 
charge of which shall be ordered by the Council. He shall report to the 
Council from time to time the state of the linanccs, and at the Annual 
Meeting shall repoi-t to the Academy the i-eeeipts and expenditures for 
the entire year. 

(i. lAbrarian. The Librarian shall have charge of the library, under 
the general direction of the Tnbrary Committee of the Council, and shall 
condud all corrospondenco respecting exchanges of the Academy. He 
shall make a report on the condition of the library at the Annual Meeting. 

7. Editor. The editor shall have charge of the publications of the 
Academy, under the general diroetion of the Publication Committee of 
the (*ouncil. He shall make a retx)ri on tlu' (‘otidilioa of the publications 
at the Annual Meeting. 


Chapter II 
COUNCIL 

1. Meetings. ITie Council shall meet once a month, or at the call of 
the Prosident. It shall have general charge of the affairs of the Academy. 
3. Quorum. Five members of the Council shall constitute a quorum. 
8. O'fjicers. The Pr^ident, Vice-Presidents and Becording Secretary 
of the Academy shall hold the same offices in the Council. 
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4. Commiltces, Tlic Hliuidini> Coiuuultct'B of tlio Council shall be: 
(1) an Executive Coniiiiiltcc consisting of the Prcsidcnl, 'Preasurer, and 
Recording Secretary; (‘i) a Committee on Publication; (;>) a Committee 
on the Library, and sucti other ('ommittws as from time to time shall Iwj 
authorized by the Council. 'I’hc action of these committees shall 1)(> sub¬ 
ject to revision by the Council. 

CnAPUffi III 

FINANCE COMMITTEE 

The Pmanc-e Committee of tlio Academy shall audit the Annual Report 
of the Treasurer, and shall report on tinancial questions whenever called 
upon to do so by tlie Council. 


ClIAl'TJiR IV 
ELECTIONS 

1. AUiue Members, (a) Active Members shall be nominated in writ¬ 
ing to the Council by at least two Active Members or Pellows. If ap¬ 
proved by the Council, they may be elected at the succeeding business 
meeting. 

(&) Any Active Member who, having removed to a distance from the 
city of Few York, shall nevertheless express a desire to retain his connec¬ 
tion with the Academy, may be placed by vote of the Council on a list of 
Fon-Rcsident Members. Such members sliall relinquish the full privi¬ 
leges and obligations of Active Members. {Vide Chapters V and X.) 

2. Associate Members. Workein in science may bo elected to Associtite 
Membership for a period of two years in the manner prescribed for Active 
Members. They shall not have the power to vote and shall not be eligible 
to election as Fellows, but may receive the publications. At any time sub¬ 
sequent to their election they may assume the full privileges of Active 
Members by paying the dues of such Members. 

3. Fellows, Corresponding Members and Ilonorary Members. Fomi- 
nations for Fellows, Correspondmg Members and Honorary Meml)er8 
may be made in writing either to the Recording Secretary or to the 
Council at its meeting prior to the Annual Meeting. If approved by the 
Council, the nominees shall then be balloted for at the Annual Meeting. 

4. Officers. Fominations for Officers, with the exception of Vice- 
Presidents, may be sent in writing to the Recording Secretary, with the 
name of the proposer, at any time not less than thirty days before the 
Annual Meeting. Each section of the Academy shall nominate a candi- 
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date for Vicc-Prebident, who, on election, bliall be Chairman of the sec¬ 
tion : the names of such nominees shall bo sent to the Kecording Secretary 
properly certified by ilic sotiional secretaries, not less than thirty days 
before the Annual 'Meoling. The (’ouneil shall then prepare a list which 
shall be the regular ticket, ^riiis list shall be mailed to each Active Mem¬ 
ber and Fellow at h'asl one week l)(‘foie the Annual Meeting. But any 
Active Member oi Fellow entitled to \ote shall be entitled to prepare and 
vote another ticket. 


Chapter V 
DUES 

1. Dues. ^Ilic annua! dues of Actno Members and Fellows shall be 
$10, payable in a(l\anee at the time of the Annual Meeting; but new 
members elected after May 1, simll pay t$5 for the remainder of the fiscal 
year. 

The anmial dues of elected Associaie Members shall be $o, payable in 
advance at the tune of the Animal Meoling. 

Non-l?csi(l(*nt Members shall ))(‘ oveinpt from dues, so long as they shall 
relinquish the privilogeh of Aedive Membership. (Vide Chapter X.) 

2. ilembos in Arrears. Jf any Active Member or Fellow whose dues 
i*emaiu unpaid for more than one yi'ar, shall noghut or refuse to pay the 
same within throe months after notifieaLion by the Treasurer, his name 
may be erased from the rolls by \oie of the Council. Upon payment of 
his arrears, however, such person may be restored to Active Membership 
OT Fellowship by vote of the Council. 

3. Renewal of Membership. Any Active Momhor or Fellow who shall 
resign becaust* of removal to a distance from th(» city of New York, or 
any Noii-Besident Member, may be reslored by vote of the Council to 
Activ<‘ MemhiMshi]) or F(*nowslnp at any lime upon application. 

OlfAPTER VI 

PATRONS, DONORS AND LIFE MEMBimS 

1. Patrons. Any pc'rson contributing at one time $1,000 to the general 
funds of the Academy shall be a Patron and, on election by the Conneil, 
shall enjoy all tljo privileges of an Active Member. 

2. Donors, Any pei'son contributing $50 or more annually to line 
general funds of the A(*adcniy shall be termed a Donor and, on election 
by the Council, shall enjoy all the privileges of an Active Member. 

3. Life Members. Any A(*tive Member or Fellow contributing at one 
time $100 to the general hinds of the Academy shall be a Life Member 
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and slinll thoroafd'i* Ih> ('M'lnpl 1*10111 anmi.ii diu's, and ain Vitivn Moin- 
lior or Pclloir who Iuh paid .inmial duos for (woiity-li\o m'uin or itioro 
may, upon Ills wrillon roipiosl, lx* made a lifo moinbor and ho ovinnpt 
from furtlior payinonl of dues. 

OrtAPTKU VII 
SHGTJONS 

1. (b'ci iioiis, yeetions devoted to special braiichea of Science may be 
cstablislied or discontinued by the Academy on the recommendation of 
the Council. The present sections of the Academy are the Section of 
Astronomy, Physics and Chomistry, the Section of Biology, the Section 
of Geology and hfineralogy and the Section of Anthropology and Psy¬ 
chology. 

S. Organization. Each section of the Academy shall have a Chairman 
and a Secretary, who shall have charge of the meetings of their Section. 
The regular election of these officers shall take place at the October or 
November meeting of the section, the officers then chosen to take office at 
the first meeting in January following. 

3. Affiliation. Members of scientific societies affiliated with the 
Academy, and members of the Scientific Alliance, or men of science intro¬ 
duced by members of the Academy, may attend the meeting.s and presimt 
papers under the general regulations of the Academy. 

Chapter VIIT 
MEBTINQS 

1. Bminm Meetings. Business meetings of the Academy shall bo 
held on the first Monday of each month from Oclober to May inclusive. 

3. Sectional Meetings. Sectional meetings shall Iw hold on Monday 
evenings from October to May mcluRivc, and at such other limes as the 
Council may determine. The sectional meeting shall follow the business 
meeting when both occur on the same evening. 

3. Annml Meeting. The Annual Meeting shall be hold on the third 
Monday in December. 

4. Special Meetings. A special meeting may be called by the Council, 
provided one week’s notice be sent to each Active Member and Fellow, 
stating the object of such meeting. 
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Chaptee IX 
ORDER OF BUSINESS 

1. Busiru’S'i 'I’lio following shall be the order of procedure 

at business meetings: 

1. Minutes of tho previous business meeting. 

2. Jleport of tlie Council. 

3. Heports of Coinniittces. 

4. Elections. 

5. Other business. 

2. Sectional Meclinijt. 1’he following shall be the order of procedure 
at sectional meetings: 

1. Minutes of the pieeeding meeting of the section. 

2. Presentation and discussion of papers. 

3. Other scientific business. 

3. Anmial Mealiiif/n, The following shall be tho order of procedure 
at Annual Mcciinp: 

1. Annual reports of the CoiTesiwuiding Secretary, Recording 

Secretary, Treasurer, Librarian, and Editor. 

2. Election of Honorary Members, CoiTesponding Members, and 

Eellows. 

3. Election of officora for the ensuing year. 

4. Annual address of tho retiring President. 

ClUMBB X 
PUBLICATIONS 

1. Puhlicaiiou/f. 'I'lie established publications of the Academy shall 
bo the Armalit and the Mamina. Tliey shall bo issued by the Editor 
under the supervision of the Oominittce on Publications. 

2. Distrdulion. One copy of all publications shall bo sent to each 

Patron, Life Member, Active Member and Pollow; provided, tliat upon 
inquiry by the Editor 8u<‘h Members or Fellows shall signify their desire 
to receive them. i 

3. Piiblication Fund. Contributions may bo received for the publica¬ 
tion fund, and the income thereof shall be applied toward defraying the 
expenses of the scientific publications of the Academy. 
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Chai’tkk XI 

(UhMiRiL rno VISIGNS 

1. DebLs. No debts slmll bo iiieurred on beliiilf of ilie Academy, unleH“ 
authorized by the Council. 

2. Bilh. All bills siibmillcd to the Coiineil must be certified as lo 
correctness by the oflieers incurring them. 

.“l. ImostmenU. All the permanent funds of the Academy shall be 
invested in United States or in New York State seenrities or in first 
mortgages on real eatalo, ]irovidod they shall not exceed sixty-five per 
cent, of the value of the properly, or in first-moitgagc bonds of corpora¬ 
tions which have paid dividends continuously on their common stock for 
a period of not leas than five yeai's. All income from patron’s fees, lif(>- 
uiombership fees and donor’s foes shall be added to the permanent fund. 

4. Expulsion, elr. Any Member or Yellow may be eensurod, sus¬ 
pended or expelled for violation of the Conslitutioii or Ify-Laws, or for 
any offence deemed sufiBcient, by a vole of three-fourths of the Members 
and three-fourths of the Follows present al any business meeting, provided 
such action shall have been recommended by the Council at a previous 
business meeting, and also, that one mouth’s notice of such recoiumeuda- 
tion and of the offence charged shall ha\o been given the Member accused. 

5. Changes in By-Laws. Fo alteration shall lie made in these I’v- 
Laws unless it shall have been submitted publicly in wriling at a business 
meeting, shall have been entered on llie ^finutes with the iifimes of the 
Members or Fellows proposing it, and shall bo adopted by two-thirds of 
the Members and Fellows present and voting al a subsequent biisiuess 
meeting. 
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HONORARY MEMBERS 
:!l Divokmbhu, 19 H 

Bixctes. 

1912. Prank D. Anviis, Montreal, Onnatla. 

1898. Artiii u ArwEUs, Berlin, Oormany.’ 

1889. CiiAULUs B\rrois. Ijille, Prance. 

190'?’. Wir.iiJAM B \Ti;soN, Cambridge, England. 

3910. TlinODOR Bovuri, Wiirzlnirg, Germany. 

1901. OuAKi.ES Vernon Bovs, Ijondon, England. 

190'l. W. C. Buoofinti, Cliristiania, Korway. 

ISI’O. W. Boyd I)^\VKlNs. Miuicliostc'r, England. 

1910. OnAiii.EK Dfii'KiiET, loons, Kriiiice. 

1903. Sir.lAMEH Dewar, Cambridge, England. 

3901. Emu. Fisoiir.u. Berlin, Germany. 

18'?'6. Sir ARcriiitAi.D (iKiKiK. IlaKlemere, Surrey, England. 
1901. James Gkikie, Edinburgh, Scotland. 

1898. Sir David Giu., Imudon, England. 

1909. K. P. OOdei., Mnnicb, Germany. 

1889. George Linuodn Goodai.h, Cambridge, Mass. 

1909. Paol von Gbotu, Munich, Germany. 

1894. Ernst TTaokei., Jena, Germany. 

1912. George E. 11 u.i:. Ml. Wilson, Calif. 

1899. JxTLius Hann, Vienna, Austria. 

1898. George W. Hii.i., West Nyack, N. Y. 

389G. Amhuosiiih A. W. IlimuBrirr, ITtrocht, Netherlands. 
1896. PET.IX Ki.ein, Giillingen, Germany. 

3909. Ai.ered IjAOROix, Paris, France. 

1876. Viktor VON I^ang, Vienna, Aushia. 

1898. E. Ray Dankehter, fjondon, England. 

1880. Sir Norman Lookymr, London, England. 

1911. Ernst Mach, Munich, Germany. 

1912. Imya Metiihnikop, Paris, Krance. 

1898. pRimMOE Nansen, Christiania, Norway. 

1908. WiDiiELAi Ostwai.d, Gross-Bothen, Germany. 

1898. Arbreout Penok, Berlin, Germany. 
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lOLBOThn. 

1808. WrLrtKLM l*KHi«’n.u, Unp/ig, <Jt>rniany. 

1000. UnwAui) OiiMUiiH I’lCKKUiNO, Ciunbridgi', Mass. 
1011. EmvAKi) B\(iNvi,f, I*otii,T()N, ()\f(>r<l, Mngland. 
lOi:!. Sir David I’hmn, Kdw, Kugland. 

1001. Sir WiiiMUi liAMrtW, lionilon, Iflngland. 

1800. Lord JJ\yi,nicin, William, lSsfit"t, iOnglatul. 

1808. Hans H. Dewsimi, Christiania, Norway. 

1887. Sir fliiNiiv KwEiEiiD Dosooe, London, Kngland. 

191S. Siio Watase, Tokyo, Japan. 

1904. Kaul von dkn Stei nun, Berlin, Germany. 

1896. ^o.<iEi>ir doiiN 'I’liOMSON, Cambridge, England. 

1900. Ed\v >’!n Buiinktt Tyeok, Oxford, England. 

1001. Htrao OB VKiiiis, Amsterdam, Notherland.s. 

1907. James Waed, Cambridge, England. 

1904. WxiiTiEnii Wundt, TAjipzig, Qennany. 

CORRESPONDING MKMBKRS 

3L Ueobubmi, 1014. 

1883. Charles ConEjAD Abbott, Trenton, N. J. 

1891. Josfi G. Aguilera, Mexico Cily, Mexico. 

1890. William DeWitt Alexander, TIonolulu, Hawaii. 
1899. C. W. Andrews, Tjondon, England. 

1876. John Howard Appleton, Providence, B. I. 

1899. J. G. Baker, Kew, England. 

1898. Isaac Baglry Balfour, Edinburgh, Scotland. 

1878. Alexander Qratiam Bblii, Washington, D. C. 

1867. Edward L. Bertuoud, Golden, Colo. 

1897. Heureut Bolton, Bristol, England. 

1899. G. A. Boulenoeh, Ijondoii, England. 

1874. T. S. BinNnudKK. Borkvloy, Calif. 

1884. John C. Brannbr, Stanford nnivomity, Calif. 

1894. Bohuslay Brauner, Prague, Bohemia. 

1874. William Brewster, Cambridge, Mass. 

1898. T. C. Chamberlin, Chicago, 111, 

1876. Frank Wioglesworth Clarke. Washington, D. C. 

1891. L. Clbho, Ekaterinburg, Bussia. 

1877. Theodore B. Comstock, Lob Angeles, Calif. 

1868. M. 0. Cooke, London, England. 

1876. H. B. Cornwall, Princeton, N. J. 
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ElfCTBD. 

1880. Oil VRLi’S 1>. OoRY, Boston, Hass. 

187'3'. Josni'ii Crawford. Philadelphia, Pa. 

1805. llr.NRY P. ('nsiiiNO, Cleveland, 0. 

1810. 'P. Ni L&ON Pillsfield, Mass. 

18'3'0. WiiiM iM lli!\DRY Dai.i, Masliingtou, D. C. 

1885. Hdwari) Salisi>iir\ I)\na New Haven, Conn. 

1808. WiLTAAM M. l)A\iH, Oaiubrulire, Mass. 

1801. liUTiURK Dium:, Cliieago, 111. 

1800. OnvrtiLE A. Dirry, Bio de Janeiro, Brazil. 

1890. TjOTJIS Boixo, Brussels, Belgium. 

1876. TTunry W. Emaoi't. Lakewood, 0. 

1880. John B. Edmott, Tulane llniv.. La. 

1860. Eranoih B. ENOKijri \rdt, Syracuse, N. Y. 

1870. IlioimAN Lii Boy Pmuoihu). Rochester, N. Y. 

1870. PRiiDRicir Bminihri) Pittica. Marburg, Cermany. 

1885. Laz.vriis Pi-HT<Mrnu, London, Piiigland. 

1899. Ebrritard Praas, StiHlgarl, fiermany. 

1879. Bkinhodd Fritzijartnrr, Tegucigalpa, ITonduras. 

1870. Okovb K. OTMiKitT, Washington, T). C. 

1865. CiTARLER A. Gokrsman, Amhcrst, Mass. 

1888. Ervnic .ViTsTiN Coot’ll, New Haven, Conn. 

1868. 0. B. GhhkNm:ay, San Francisco, Calif. 

1883. Marquis Antonio db Guhoorio, Palermo, Sicily. 

1860 . H. J. Lkciimi-im: Gnen, 'rrinulad, B. W. 1 . 

1882. Baron Ernst von irussr-’WARTEOO, Lucerne, Switzerland. 
1867. C. TT. Hitciioock, Honolulu, Tl. L 

1900. WiiAAAM iri.NRY rior.Miis, Washington, 1). C. 

1800. TT. T). rioHKOi-n, Buenos Ayres, Argcmtine Bepublic. 

1806. J. T\ InniNOS. Brinklow, Md. 

1876. Mau'ERN W. liA’H, Onhiiquc, Ta. 

1809. Otto JitKEU, Grcifswnld, Germnny. 

1876. TTami) Stauii .Iordan, Stanford TTniversity, Calif. 

1876. Gkoroi? A. Koknio, TIonghton, Mich. 

1888. Baron B. KniCT, Tokyo, Japan. 

1876. .Tohn W. Tjanodicy. Olovoland, 0. 

1876. S. A. TjAWiMonB, Bochester, N. Y. 

1894. WnxTAM TjIbbbt, Princeton, N. J. 

1899. AnoinnALD Ltybrsidgb, T/indon, England. 

1876. Georg I? Maclobkib, Princeton, N. .T. 

1876. .TorrN Wilt-tam MAw.R'r, Charlottesville, Va. 
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1891. CiiAKtiiis UuiOKCi Mann, Ohic‘tii>o, III. 

1867. QuoitaK F. Mattukw, i4(. .lolm, M. B., (.'aiiada. 

1874. OiLARiiCS .Johnson Ma^naud, West Nowloii, Mass. 
1874. H’unonoiiio lAH^iiKhR Mhah, Oviedo, Fla. 

1892. .1. DM lVIuNniz.liiAi.-'r\MUORRi<’i., Mexico Oily, Mexico. 
1874. Clinton I1\rt Mbrriaw, Wasliinuton, D. C. 

1898. Manrutkld MiauiTAM, South Bethlehem, Pa. 

1876. William. Qilijlut Mixteb, New Haven, Conn. 

1890. Richard Molubnkb. Watchung, N. .7. 

189.1. C. JiLOYD Morcan, Bristol, England. 

1864. Edwaiu) S. Mouse, Salem, Mass. 

1898. Ororqk Muukay, Ijondon, England. 
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1897. Francis O. Nicholas, New York, N. Y. 

1883. Henry Alfred Alford Niomolls, Dominica, JP. W. I. 
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1900, George Howard Parker, Cambridge, Mass, 

1876. Stephen F. Pbokham, New York, N. Y. 

1877. Frederick Prime, Pbilndelpliia, P.a, 

1868. Baphael Pdmpblly, Newpoi-t, R, T. 

1876. B. Alex. Randall, Philadelphia, Pa. 

1876. Ira Rembbn, Baltimore, Md. 

1874. Bobbrt Rtdgway, Washington, D. C. 

1886. William Tj. Robb, Troy, N. Y. 

1876. Samuel P. SATm.BR, Philadelphia, Pa. 

1899. D. Max Scitlosser, Mnnieh, Germany. 

1898. W. B. Scott, Prineeion, N. .7. 

1894. W. T. Sedgwick, Boston, Mass. 

1876. Andrew Sherwood, Portland, Ore. 

1883, J. Ward Smith, Newark, N. .7, 

1895. Charles H. Smyth, Jr., Prineeion, N. J. 

1896. Robert Stearns, Los Angeles, Calif. 

1890. Walter Lb Conte Stevens, rjexington, Va, 

1876. Francis H. Storer. Boston, Maas. 

1886. Rajah Soueindro Mohun Tagore, Calcutta, India. 

1893. J. P. Thomson, Brisbane, Queensland, Australia. 

1899. R. H. Traquair, Colinton, Scotland. 

1877. John Trowbridge. Cambridge, Mass. 
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1876. D. K. Tuttle, Philadelphia, Pa. 

1871. Hbnui Vak Heubok, Antwerp, Belgium. 

1900. CiTAELES B. Van IIise, Madison, Wis. 

1867. Addison Emery Vbrrfll, Few Haven, Conn, 
1890. Anthony Wayne Voodes, San Diego, Calif. 

1898. Charles Doolittle W vloott, Washington, D. C, 
1876. Leonard Waldo, Few York, F. Y. 

1897. Stuart Weller, Chicago, Ill. 

1874. I. C. WiUTu, Morgantown, W. Va. 

1898. Henry Shaler Wi llums, Ithaca, F. Y. 

1866. Horatio C. Wood, Philadelphia, Pa. 

1899. A. Smith Woodward. London, England. 

1876. Arthur Wtllivms Wrtght. Few Haven, Conn. 
1876, Harry Cr^icy Yarrow, Washington, D. C. 
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f Anthony, B. A* 
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Arnold, dames Lorlng 
Ashby, George E. 
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Avery, Samuel P. 
t Hailey, James M. 
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Baker, Hugh Hotter- 
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*^Bamhai*t, John Hendlcy 
Barron, George D. 
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Baugh, Miss M. L. 

*tBcck, Fanning C, T. 

♦Beebe, C. William . 

Behrend, Otto F., Ph.R® 

Seller, A. 
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IBergstresscr, Charles M. 
♦Berkcy, Charles P,, PlnD. 
Bernstein, S. S. 

Betts, Samuel E, 
van Bcuren, F. T. 

Bigelow, William S. 

Bijtir, liloscR 
iBillings, Miss Elizabeth 
Bird, ITgju'y^ 

Bishop, Heber 1{. 

Bishop, Miss Mary C. 

**■1 Bliss, Prof. Charles B. 

Bliss, William ir.“ 

I* Blumenihal, George 
■*'Boas, Prof. Franz 
Bohlor, Bi(diard F. 
f Bourn, W. B. 

Boyd, James 

Brinsmado, Charles Lyman 
♦Bristol, Prof. Charles L. 

Bristol, dno. L D. 

♦^Britton, Prof. N. E., VhA). 
Brown, Edwin 11. 

Brown, T. C. 

♦Brownell, Silas B., LB.l) 

Burr, Prof. Freeman F. 

Burr, Winthrop 
♦Bush, Wendell T. 

♦Byrnes, Miss Esther F., Ph.T). 
Camp, Frederick A. 

♦Campbell, Prof. William, Ph.D. 


' Doceased. 

elect. 
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^Campbell, Prof. William M. 
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C^arlobacb, Walior ‘Maxwell 
*§Casey,(V)l.T. L„ U. S, A. 
C^issard, William J. 
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*f Caiiell, J^rof. J. McKcen, Ph.lX 
’^tOhandlcr, Prof. 0. P., Pli.l). 
gCliapin, Chester W. 

*Chapman, Prank "M. 
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♦Cheesman, Timolliy M., M.D. 
Chubb, Percy 
Clarkson, Banyer 
Clendeniii, Wm. W. 
fClycle, Wm. P. 

Colin, Julius M. 

Collier, Kobert J. 
tCollord, George W. 

Combo, Mrs. William 
t Const ant, S. Victor 
do Coppet, E. J. 

Corning, Christopher, K, 
♦Crampton, Prof, Henry E., Ph,' 
t Crane, Zenas 
*Curtis, Carlton C. 

Curtis, (}. Warrington 
*I)ahIgren, B. E., D.M.D. 

Davies, J. Claroneo 
Davis, Dr, Clmrles IL 
Davis, David T. 

♦flhivis, William T. 
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IDelafield, Matiirin L., Jr. 
Delano, Warren, Jr. 

Deselicre, Ifarvey 
Deveroux, W, B. 

De Witt, William G. 

Dickerson, Edward N". 


Dimock, George B. 

Dodge, Francis P.® 

H)odgo, llkh Grace H.^ 

*Dodge, Prof. Bichard E., A.M. 
Doherty, Henry L. 

Donald, James M. 

Dorcmiis, Prof, diaries A., Ph.D. 
4 Douglas, James 
Douglass, Alfred 
Draper, Mrs. JM. A. P.^ 

Drummond, Isaac W., M.D. 
^Dudley, P. IT., Ph.D. 

Edward K., M.D. 
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f Diinscombe, George Elsworth 
*Dutehor, Mhii. 

*H')wight, Jonathan, Jr., M.D, 
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♦Earle, E. B. 
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Emmet, C. Temple 
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’’'Eyerman, J ohn 
Fairchild, Charles S. 
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Fearing, D.B. 1 
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Follett, Richard B. 
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Frissell, A. S. 
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Gibsou, Ji. W. 

*Qies, Prof. William J. 
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Godlsin, Lawrence 
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""fQrabau, Pro!'. Amadeus W. 
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Greenhnt, Benedict J. 
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Guernsey, H. W. 
Guggenheim, William 
Guinzburg, A. M. 
von Hagen, Hugo 
Haines, John P. 

Halls, William, Jr. 
Hardon, Mrs. 11. W. 
•Harper, Prof. Iloberl A. 
tHarrah, Chas. J. 
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llarris, Alfred® 
TTasslacher, Jacob 
llaughwout, Frank G. 
Haupt, Louis, M.D. 
Hayner, B. A. 

Hazen, George Tl.® 
Healy,J.T{. 

Heller, Samuel® 

' Deceased. 
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’^Holliek, Arthur, Ph.D. 
flJolt, Henry 
tHopkins, George U. 

** llonuiday, William T., Sc.D, 
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‘*'flIovey, Edniuml Otis, Ph.D. 
*IEo\ve, llarshall A., Ph.D. 

Howes, Paul Griswold- 
fltoyt, A.\V. 
firoyt, Theodore Ih 
t Hubbard, Thomas IF. 

IFubbard, Walter C. 
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fIluulington, Archer Af. 
Hunlington, Prof. (!(M)ri»e S, 
flus'^akof, IjOuis, Pli.D. 
Hustace, Fraiu»is^ 
f Jlyile, P. Talbot B. 

Hyde, B. Francis 
tlFydo, Frederic F., M.D. 

Hyde, Henry SI. John 
**’rryd(», tfewHo M. 
files, George 
^Trying, Prof. John D. 

*von Isakovics, Alois 
iHclin, Mrs. William K. 
t Jackson, V. IT. 

* Jacobi, Abram, M.D. 

James, F. Wilton 
f Jaiwie, James FT. 

Jennings, Pobeid: Pj. 

Johnson, Alu‘e J.“ 
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' Joluison, Piof, I). W., PIi.D, 
t Johnston, J. Herbert 
' gjulien, Alexis A., Ph.D. 

Kahn, Olio II. 

Kaiil/-I<lulenl)urg, Mias P. lu 
■^tKonip, Prof. James F., Sc.I). 
t KeppUn', Ifudolph 
Kern^iii, John Doverauv- 
j Kessler, George A, 

Kinno}, Morris 
Kolilinan, Charles 
’ f Kunx, George F., M.A., Ph.l). 
jljjiinb, Osborn P. 

I jan(l(ni; Francis 0. 

Ijiing, Herbert 
Ijangclon, Woodbuiy G. 
Langinann, Gustav, T\I J). 
Lawicnee, Amos H, 

I;«ns leneo, flohn B. 
j Law ton, James M. 

Ledoiix, Albert 1?,, Ph.l). 

** Kee, Prof, Frederic S., Ph.D. 

Ij(‘(S \lisft Marguerite T. 
^^Koviaon, Wallace (ioold 
liovy, Emanuel 
Ijiclitonstoin, M. 

Lielitensioin, Paul 
[iieb, J. W.,Jr. 

IJndbo, fl. A, 
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fljool), James 
lioeh, rs. Morris^ 

(Low, fron,Hoth,LD,I). 

Robert If., Ph.D. 
♦JjiK^aa, F. A., D. Sc. 

♦Lnsk, Prof. Graham, M,D. 
Fiyclig, Philip M. 

McCarthy, J.M. 

Mr-Grogor, James Howanl 
’"SMeMillin, Emerson 


(McMilliu, Capt. Marion- 
McNcil, Charles R. 

Mac Arthur, Arthur F. 

Macy, Miss Mary Sutton, M.D. 
fMaey, V. Everit 
Mager, F. Robert 
Mann, W, D. 

"^-Mansfield, Prof. William 
Marble, Manton 
Marling, Alfred B. 
j Marshall, Louis 
Marston, E. S. 

I Martin, Prof. Daniel S. 
“^ifartin, T. Commerford 
Matausc'h, Ignaz-^ 

*1 Matheson. W. J. 
*^tMatthew,W. D., Ph.D, 
Ifaxwoll, Francis T. 

Mellon, C. S. 

‘'Mollzer, S.J.,M.D. 

‘‘•Merrill, Frederick J, H., Ph.D. 
Metz, ITerman A. 

Milburn, J. G. 

IMiller, Adam M/** 

Miller, (Jeorge N., M.D. 
Millward, Russell Hastings*^ 
Milne, Clvde*^ 

^‘‘tMinor, Uoy Waldo 
Mitcliell, Arthur M. 

Mitchell, WoHtleyO.^* 
Mouae-Iiesser, A., M.D. 

Mook, 0. 

‘‘‘Morgan, Prof. Thomas H. 
Morgan, William Fcllowes 
Morris, Lewis XL, M.D. 

Mxmn, John P. 

Murphy, Jloboii (Uishmair-* 
‘‘‘Murrill,W.A. 

I Nash, Nathaniel 0. 
fNesbit, Abram 6. 
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Notnian, tJeor^o 
0('lis, Adolpli kS, 

()i‘iiiTii*c'r, .1., M.l). 
fOgihie, Miss Ida II., 
i()lcotl,E. K 
Oppeuhoiuior, Henry S. 
fOsborn, Prof. 11. P.,‘ Se.D., LL-D. 
Osborn, William C. 

*1 Osborn, Mrs. AVilIiam C. 

'^'Osburn, Paymoncl C., Ph.D. 

I Owen, Miss Jnlicltc A. 

*H\acini, A. B., Ph.D, 
fl^arish, Henry 
Parsons, C, W. 

*0'arsonh, John Ed 
I Patten, »lohn 
Patterson,T. H. Iloge^ 

Paul, John J. 

tPellow, Pror. C. E.,Ph.D. 
f Pojkins, William H. 

*^Pcterson, Frederick, M.D. 

Piisser, Charles, Jr. 

Philipp, P. Bernard 
Phoenix, Lloyd 
Pierce, Henry Clay 
Pike, F. B. 

Plant, Albert 
Plough,Harold lid 
Polk, Or.W.M. 

*Pollard, Charles L., Ph.l). 

*Poor, Prof. Charles Tj. 

Porter, Eugene H. 

Post, Abram S. 

♦Post, 0. A. 

Preston, Veryl 
♦Prince, Prof. John Dyneley 
f Pyne, M. Taylor 
Rathborne, Richard C.^ 

♦Reeds, Chester A., Ph.D. 


• I Piekelts, Prof. P. de P., Ph.lX 
UiedenT, Ludwig 
Robert, Kanniol 
IJoberis, C. Tl. 
f Ifoebling, John A. 

Rogen^, E. L. 

Rosenbniun, Selig 
Rossbaeli, Jacob 
tdo Rubio, FI. A. (\ 

♦fRusby, Prof. Henry IL, M.l) 
Sachs, Paul J. 

Sage, Dean 
Sage, John H. 

Salomon, Harry R. 
jSchermerhorn, F, A. 

Schiff, Jacob IT. 

Sehlieke,<^ P.“ 

Schollc, A. II. 
fSchott, Charles M., Jr. 
Sehulto, H, \on W. 

♦Scott, George G. 

Seaman, Dr. Louis L. 

Seitz, Carl E. 

Seligman, JcITorson 
Sexton, Laurence E. 

Shepard, C. Sidney 
gShepard, Mrs. Finley tL 
♦Sherwood, George H. 
Hhillabor, William 
♦Siekols, Ivin, M.l). 

Slack, 10. H. 

♦Sleight, (4nis. H. 

Sloan, Benson B. 

Smith, Adclbert J. 

♦Smith, Eimcst E., M.l)., Ph.D. 
Smith, Frank Morse 
Snow, Elbridge Q. 

♦Southwick, Edmund B., Ph.D. 
Squibb, Edward TJ., M.D. 
Starr, Louis Morris 
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Taylor, W. A. 
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fThompson, llohcrl M. 
♦'rhompaon, Prof. W. (lilman 
Thompson, Walter 
♦Thormlikc, Prof. Edward Tj. 
Thorne, Samuel 
Tilncy, Ensleriek, M.D.* 
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